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ABSTR A CT
I n h e r i t a n c e  o f  a m y l o s e  co n te n t  in r i c e  in t e r m s  of  iodine  va lue  was  
s tu d ied  in the  F j ,  F 2  and  F ^  g e n e r a t i o n s  of a c r o s s  b e tw een  a  low iodine 
v a r i e t y ,  T e x a s  P a t n a  and a  h igh  iod ine  v a r i e t y ,  T o r o .  The lo w e r  the  
iod ine  v a lu e ,  the h ig h e r  i s  the a m y l o s e  c o n te n t .  The m a t e r i a l s  w e r e  
g row n  at  the  R ice  E x p e r im e n t  S ta t io n ,  C r o w le y ,  L o u i s i a n a  and iod ine  
v a lue  d e t e r m i n a t i o n s  w e r e  made a t  the  R i c e - P a s t u r e  E x p e r i m e n t  S ta t io n ,  
B e a u m o n t ,  T e x a s ,  by a method involv ing  u se  of a s t a r c h - i o d i n e  blue 
t e s t .
The  m e a n  iodine  v a lu e s  of the p a r e n t s  in 1957 w e r e  15. o for T e x a s  
P a t n a  and 56. 3 fo r  T o r o .  The m e a n  of F j  p l a n t s  w a s  2 2 . 8 ,  a  va lue  
c lo s e  to the  low iod ine  p a r e n t  and  ind ica t in g  p a r t i a l  d o m in a n c e  fo r  low 
iod ine .  A m e a n  of 2 8 .5  w a s  o b ta in e d  for  470 p l a n t s ,  which  a l s o  
i n d ic a t e s  th a t  low iod ine  va lu e  was p a r t i a l l y  d o m in a n t  in th i s  c r o s s .  
Although th e  f r e q u e n c y  d i s t r i b u t i o n  c u r v e  fo r  the 470 F£ p l a n t s  was 
c o n t in u o u s ,  it w as  d i s t i n c t l y  b im o d a l  with a l a r g e  g rou p  of low iod ine  
p l a n t s  a n d  a s m a l l e r  g ro u p  o f  h igh  iod ine  p l a n t s .  An a p p r o x i m a t e  3:1 
r a t i o  w a s  o b ta in e d  in F 2  b e tw e e n  low iodine p l a n t s  l ik e  the  T e x a s  P a tn a  
and  F j  c o m p a r e d  to high  iod ine  p l a n t s  th a t  r e s e m b l e d  T o r o .  T h is  e v i ­
d e n c e  s u g g e s te d  t h a t  the  p a r e n t s  d i f f e r e d  by one p a i r  of g e n e s .  H o w e v e r ,  
the  o c c u r r e n c e  of p l a n t s  in iodine value  c l a s s e s  i n t e r m e d i a t e  b e tw ee n  the  
F |  and  T o ro  p r o v id e d  ev id e n ce  for  the  p r e s e n c e  of m i n o r  g e n e s  which
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had  a m odify ing  e f fec t  on the  m a j o r  p a i r .  T r a n s g r e s s i v e  s e g r e g a t io n  
o c c u r r e d  only  fo r  h igh  iodine v a lu e .
In F 3 , it was  p o s s ib l e  to g ro u p  the l i n e s  into t h r e e  g e n e r a l  
c l a s s e s .  L in e s  in c lu ded  in the f i r s t  a n d  the  t h i r d  g ro u p  w e r e  r e l a ­
t iv e ly  h o m o zy g o u s  f o r  low and high  iod ine  v a lu e ,  r e s p e c t i v e l y .  L in e s  
be longing  to the second  g rou p  s e g r e g a t e d  for iodine va lue  and  w e r e  
h e te r o z y g o u s .  T h i s  t en ded  to c o n f i r m  the c o n c lu s io n  th a t  the  p a r e n t s  
d i f f e r e d  by one  m a j o r  p a i r  of g e n e s .  H o w e v e r ,  d i f f e r e n c e s  w e r e  a p ­
p a r e n t  be tw een  l i n e s  inc luded  in any  one g ro u p  and these  d i f f e r e n c e s  w e r e  
ex p la in e d  a s  be ing  due  to the  in f luence  o f  the  m in o r  genes.  A l l  e v id e n ce  
f r o m  F ^  And F ^  t h e r e f o r e  in d ic a te d  th a t  the  p a r e n t s  d i f f e r e d  by one  p a i r  
of m a j o r  g e n e s  and  s e v e r a l  m o d i f i e r s .
A h e r i t a b i l i t y  value  of 9^ > p e r  c e n t  w a s  o b ta in e d  f r o m  th e  r e g r e s ­
s ion  of F 3  m e a n s  on F 2  p lan t  v a l u e s ,  in d ic a t in g  th a t  s e l e c t i o n  fo r  iodine 
va lu e  on an  ind iv idua l  p lan t  b a s i s  would be h ig h ly  e f fe c t iv e .
S ign if ican t  c o r r e l a t i o n  c o e f f i c i e n t s  of - . 4 4  a n d  - . 5 9  w e r e  o b ­
ta in e d  in F ^  a nd F ^ ,  r e s p e c t i v e l y ,  fo r  the a s s o c i a t i o n  b e tw een  iodine  
va lu e  and  d a ta  of h e a d in g ,  in d ic a t in g  a  m o d e r a t e l y  s t ro n g  r e l a t i o n s h i p  
of  s o m e  i m p o r t a n c e .  H o w e v e r ,  p l a n t s  o r  l i n e s  with low o r  m o d e r a t e l y  
low iod ine  v a lu e s  v a r i e d  w ide ly  in m a tu r i t y  with no a s s o c i a t i o n ,  w h e r e a s  
p l a n t s  o r  l i n e s  with  m o d e r a t e l y  h igh  o r  h igh  iod ine  v a lu e s  show ed a  s t ro n g  
t e n d e n c y  to be e a r l y  in m a t u r i t y .  The c o r r e l a t i o n  was  t h e r e f o r e  s u g ­
g e s t e d  to be due m a i n l y  to the  s t r o n g  te n d e n c y  for  the  p l a n t s  with h igh
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iodine v a lu e s  to be e a r l y  in m a t u r i t y .  The value fo r  t h e i r  g en e t ic  c o r r e ­
l a t io n  w a s  - . 4 9 .
A  c o r r e l a t i o n  co e f f ic ien t  of .41  in F 2  i n d ic a te d  an a s s o c i a t i o n  of 
m o d e r a t e  s t r e n g t h  b e tw e e n  iodine value and a p ic u lu s  c o lo u r .  It is  
p r o b a b l e  tha t  one o r  m o r e  of the g e n e s  fo r  both t r a i t s  a r e  l in k e d .  The 
c o r r e l a t i o n  c o e f f i c i e n t  w as  m u c h  lo w e r  in F^*
Low c o r r e l a t i o n  c o e f f i c i e n t s  of  13 and -.0 2 w e r e  o b ta in ed  in F£  
and F j  g e n e r a t i o n s ,  r e s p e c t i v e l y ,  be tw een  iodine v a lu e  and h u l l  c o lo u r .
v iii
INTRODUCTION
R ice  b r e e d in g  h as  b e e n  in p r o g r e s s  fo r  a c o n s i d e r a b l e  p e r io d  of 
t im e  in a l m o s t  a l l  of th e  m a j o r  r i c e  p ro d u c in g  c o u n t r i e s  of the w o r ld .
The f i r s t  o b je c t iv e  in b r e e d in g  in t h e s e  r e g i o n s  was  the  i m p r o v e m e n t  
of r i c e  th r o u g h  i n c r e a s e  in y ie ld ing  a b i l i ty .  Al though th is  i s  s t i l l  t r u e  
in s o m e  c o u n t r i e s  w h e r e  a c r e  y ie ld s  a r e  c o m p a r a t i v e l y  low,  in s e v e r a l  
o th e r  c o u n t r i e s  b r e e d i n g  p r o g r a m m e s  have  been  b r o a d e n e d  to inc lude  
o th e r  o b j e c t i v e s ,  such  a s  g r a in  l en g th ,  r e s i s t a n c e  to lodg ing ,  r e l a t i v e  
da te  o f  m a t u r i t y  and s u i t a b i l i ty  fo r  c o m b in e  h a r v e s t i n g .  A s  a r e s u l t ,  
not un t i l  r e c e n t  t i m e s  h a s  m u c h  a t t e n t io n  been  given  to i m p r o v e m e n t  in 
the  q u a l i ty  of r i c e .
E v e n  in c o u n t r i e s  w h e re  b r e e d in g  p r o g r a m m e s  hav e  inc lud ed  i m ­
p r o v e m e n t  in the  q u a l i ty  o f  r i c e ,  th i s  h a s  b een  conf ined  l a r g e l y  to the  
m i l l i n g  and p r o c e s s i n g  a s p e c t s  of r i c e .  H o w e v e r ,  with in  the p a s t  few 
y e a r s  t h e r e  h a s  been  a  d i v e r s i o n  of a t t e n t io n  and c o n s i d e r a b l e  i m p o r t a n c e  
h a s  b een  a t t a c h e d  to  the  cooking  q u a l i ty  of r i c e  f r o m  the s tan dp o in t  of 
c h e m i c a l  c o m p o s i t i o n .  In fac t  a  r e c e n t  ad d i t io n  in the  b r e e d i n g  p r o ­
g r a m m e s  in the  U n i ted  S ta te s  h a s  b e en  i m p r o v e m e n t  in the  cooking  
q u a l i ty  b a s e d  on the  c h e m i c a l  c o m p o s i t i o n .
In g e n e r a l ,  two m a i n  t y p e s  of  r i c e  hav e  b e e n  r e c o g n i z e d  for  m a n y  
y e a r s  b a s e d  on the  cook ing  q u a l i ty .  T h e s e  a r e  the  s h o r t  and  long 
g r a i n e d  t y p e s .  The k e r n e l s  of s h o r t  g r a i n e d  ty p e s  a d h e r e  to e a c h
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o t h e r  on cook ing  and have  a  m o i s t ,  s t icky  t e x t u r e ,  w h e r e a s  in the  long 
g r a in e d  ty p es  the k e r n e l s  a r e  d r y  and fluffy a f t e r  cook ing  and  t h e i r  i n d i ­
v idua l  g r a i n s  do not  sp l i t  o r  s t i c k  t o g e t h e r .  The  v a r i e t i e s  of m e d i u m  
g r a i n  leng th  tend  to be i n t e r m e d i a t e  in t h e s e  r e s p e c t s .
P r e f e r e n c e  for  any  p a r t i c u l a r  type  of r i c e  i s  b a s e d  on the  cooking  
c h a r a c t e r i s t i c s  of  the  v a r i e t y  and the cho ice  of the  c o n s u m e r .  Thus in 
so m e  c o u n t r i e s ,  su c h  a s  Ind ia ,  Ind o n es ia  and The P h i l i p p i n e s ,  long 
g r a i n e d  ty p es  a r e  p r e f e r r e d ,  while in c e r t a i n  o th e r  c o u n t r i e s ,  l ike  
J a p a n  and  K o r e a ,  p e o p le  g e n e r a l l y  p r e f e r  s h o r t  g r a i n e d  t y p e s .  H e n c e ,  
what c o n s t i t u t e s  d e s i r e d  cooking  q ua l i ty  d e p en d s  on the c o u n t ry  and the  
p r e f e r e n c e s  of the c o n s u m e r .  F u r t h e r  v a r i e t a l  p r e f e r e n c e  i s  a l s o  d e ­
p en den t  on th e  f lav o u r  a n d  a p p e a r a n c e .
The s i tu a t io n  in the  U n i ted  S ta te s  in r e g a r d  to cooking  qua l i ty  i s  
not  a s  w e l l  de f ined  a s  in India  o r  J a p a n .  F o r  m a n y  y e a r s  the  bulk  of the  
r i c e  g row n  and  consum ed  in th i s  c o u n t r y  h a s  b een  o f  m e d i u m  g r a i n  leng th  
and  i t  h a s  b e e n  g e n e r a l l y  a s s u m e d  th a t  a m a j o r i t y  of c o n s u m e r s  p r e ­
f e r r e d  th is  type .  H o w e v e r ,  in the  p a s t  few y e a r s  t h e r e  h a s  b e en  a  c o n ­
s i d e r a b l e  i n c r e a s e  in the  p ro d u c t io n  of long g r a in  v a r i e t i e s ,  r e s u l t i n g  
p r o b a b l y  f r o m  the d e v e lo p m e n t  of su ch  n e w ,  s u p e r i o r  v a r i e t i e s  a s  B lue  
Bonne t  a n d  T e x a s  P a t n a ,  a n d  the c o n su m p t io n  of  long g r a i n  ty p e s  i s  i n ­
c r e a s i n g .  T h i s ,  p lu s  th e  fac t  th a t  h o u s e w iv e s  a r e  wil l ing to p ay  a 
p r e m i u m  p r i c e  fo r  the  long g r a in  t y p e s ,  in d ic a te  th a t  the  cook ing  c h a r a c ­
t e r i s t i c s  d e s c r i b e d  e a r l i e r  for  long g r a i n  r i c e s  p r o b a b ly  r e p r e s e n t  the  
m o s t  h igh ly  d e s i r e d  ty p e s  in the  Uni ted  S t a t e s .  It is  c e r t a i n l y  t r u e  tha t ,
w hen  the  A m e r i c a n  h o u s e w i f e  b uy s  long g r a i n  r i c e  s h e  e x p e c t s  it to  cook  
r e l a t i v e l y  d r y  a n d  f lu ffy .
S in c e  the  s h o r t  a n d  long g r a i n e d  t y p e s  d i f f e r  d i s t i n c t l y  in th e  b e ­
h a v i o u r  o f  t h e i r  k e r n e l s  a f t e r  c o o k in g ,  i t  h a s  b e e n  a  g e n e r a l  a s s u m p t i o n  
th a t  c o o k in g  q u a l i t y  i s  c o n t r o l l e d  d i r e c t l y  by  g r a i n  l e n g th  in  s o m e  m a n n e r  
a n d  th a t  a l l  lo ng  g r a i n e d  t y p e s  o r  a l l  m e d i u m  a n d  s h o r t  g r a i n e d  v a r i e t i e s  
h a v e  s i m i l a r  co o k in g  q u a l i t y .  H o w e v e r ,  it  i s  known t h r o u g h  e x p e r i e n c e  
with  n e w  v a r i e t i e s  d e v e l o p e d  by  h y b r i d i z a t i o n  b e tw e e n  t y p e s  w h ic h  d i f f e r  
in g r a i n  l e n g th  th a t  m a j o r  d i f f e r e n c e s  in co o k in g  c h a r a c t e r i s t i c s  m a y  
o c c u r  a m o n g  v a r i e t i e s  h a v in g  the  s a m e  g r a i n  l e n g t h .  T h u s ,  no t  a l l  lo n g  
g r a i n e d  t y p e s  h a v e  the  d e s i r a b l e  c o o k in g  q u a l i t i e s  g e n e r a l l y  a s s o c i a t e d  
w i th  t h i s  g r o u p .  T he  a c t u a l  r e l a t i o n s h i p  b e tw e e n  g r a i n  l e n g t h  a n d  c o o k ­
ing c h a r a c t e r i s t i c s  o f  r i c e  i s  u n c e r t a i n .
R e c e n t  s t u d i e s  c o n d u c t e d  in Ind ia  a n d  t h e  U n i t e d  S t a t e s  i n d i c a t e  
th a t  th e  c h e m i c a l  c o m p o s i t i o n  o f  th e  s t a r c h  m a y  be  a n  i m p o r t a n t  f a c t o r  
in th e  c o o k in g  b e h a v i o u r  of  r i c e  v a r i e t i e s ,  i r r e s p e c t i v e  of t h e i r  g r a i n  
l e n g t h .  S in c e  m i l l e d  r i c e  a s  c o n s u m e d  c o n s i s t s  of 90 to 94 p e r  c e n t  
s t a r c h ,  d i f f e r e n c e s  in  th e  c o o k in g  q u a l i t y  w e r e  a s s u m e d  in t h e s e  r e ­
s e a r c h e s  to b e  d e t e r m i n e d  m o s t  p r o b a b l y  b y  v a r i a t i o n  in  t h e i r  s t a r c h  
c o m p o n e n t s .  R i c e  s t a r c h ,  l i k e  a n y  o t h e r  c e r e a l  s t a r c h ,  c o n s i s t s  of  
a m y l o s e  a n d  a m y l o p e c t i n  f r a c t i o n s .  T h e s e  f r a c t i o n s  d i f f e r  f r o m  o n e  
a n o t h e r  b o th  in  p h y s i c a l  p r o p e r t i e s  a n d  in c h e m i c a l  b e h a v i o u r .  A m y l o s e  
i s  a  s t r a i g h t  c h a i n  f r a c t i o n  w h i le  a m y l o p e c t i n  h a s  a  b r a n c h e d  s t r u c t u r e .  
T h e  a m y l o s e  m o l e c u l e  c o n s i s t s  of r o u g h l y  500 o r  m o r e  d e x t r o s e  u n i t s
4w h e r e a s  m o r e  than  1 , 0 0 0  d e x t r o s e  un i t s  a r e  co n ta in e d  in an a m y lo p e c t in  
m o l e c u l e .  A m y lo s e  f o r m s  a c o m p le x  with iod ine ;  a m y l o p e c t in  d o e s  not  
f o r m  an y  c o m p le x .  T hey  a l s o  d i f fe r  in the  n a tu r e  of t h e i r  a c e t a t e  f i lm  
an d  in t h e i r  c a p a c i ty  to f o r m  a  f i r m  ge l .
The s t a r c h  o f  the  m e d i u m  and long g r a in e d  r i c e  v a r i e t i e s  g ro w n  in 
the  U n i ted  S ta te s  c o n ta in s  a p p r o x i m a t e l y  12 to 26 p e r  cen t  a m y l o s e .
E v en  h ig h e r  l e v e l s  of a m y l o s e  m a y  be a v a i l a b l e  in s o m e  in t r o d u c t io n s .  
F r o m  a  g e n e r a l  c o m p a r i s o n  of the a m y l o s e  con ten t  and  the g r a in  ty p e ,  
it  a p p e a r s  tha t  the  long g r a in e d  typ es  tend  to p o s s e s s  a  h igh  p e r c e n t a g e  
of a m y l o s e  than  th e  m e d i u m  and  s h o r t  g r a i n e d  t y p e s .  H o w e v e r ,  t h e r e  
a r e  e x c e p t io n s  to th i s  g e n e r a l  t e n d e n cy .
It i s  g e n e r a l l y  a g r e e d  th a t  r i c e  v a r i e t i e s  with a  h igh  a m y l o s e  con ten t  
have  good cooking  q u a l i t i e s  in tha t  t h e i r  g r a i n s  r e m a i n  f luffy  a f t e r  cooking 
a n d  th a t  d i f f e r e n c e s  in d e g r e e  of s t i c k i n e s s  a f t e r  cooking a r e  g o v e rn e d  
l a r g e l y  by the  p e r c e n t a g e  of a m y l o s e  in the  s t a r c h .  It h a s  b e e n  s u g g e s te d  
th a t  s a m p l e s  a n a ly s in g  a t  l e a s t  2 0  p e r  c en t  a m y l o s e  a r e  th e  m o s t  s a t i s ­
f a c t o r y  f r o m  the s tand p o in t  of  g iv ing  fluffy and  n o n - s t i c k y  p r o d u c t  When 
cook ed .  T h u s ,  the d e s i r a b l e  cooking  q u a l i ty  p o s s e s s e d  by the  long 
g r a i n e d  r i c e  v a r i e t i e s  h a s  been  a t t r i b u t e d  to t h e i r  h igh  a m y l o s e  co n te n t .
The a v a i l a b l e  in f o r m a t io n  s t r o n g l y  i n d ic a t e s  th a t  the a m y l o s e  c o n ­
t e n t ,  o r  p r o b a b ly  the  r a t i o  of  the  a m y l o s e  to the  a m y lo p e c t in  in  th e  s t a r c h ,  
i s  m a i n l y  r e s p o n s i b l e  fo r  the d i f f e r e n c e s  in the  cooking  c h a r a c t e r i s t i c s .  
The h ig h e r  the  a m y l o s e  co n te n t  o r  lo w e r  th e  a m y lo p e c t in  c o n te n t ,  the  
b e t t e r  i s  the  cooking  qu a l i ty .  But m e th o d s  fo r  the c h e m i c a l  d e t e r m i n a t i o n
5of  a m y l o s e  co n te n t  a r e  t e d io u s ,  t im e  c o n s u m in g  and  r e q u i r e  l a r g e  
s a m p le s  o f  g r a i n .  T h e r e f o r e  t h e s e  m e t h o d s  would be  of no p r a c t i c a l  
u s e  to the  r i c e  b r e e d e r  s in c e  he  m u s t  t e s t  a  l a r g e  n u m b e r  of  p la n t s  
w ith in  a  s h o r t  p e r i o d .  A b s e n c e  of a s i m p le  and r a p i d  m e th o d  for  the  
e s t im a t i o n  of a m y l o s e  con ten t  n e c e s s i t a t e d  the  a t t e m p t s  of  s e v e r a l  
w o r k e r s  to d e v i s e  a  m e th o d  tha t  would be o f  p r a c t i c a l  he lp  in the b r e e d ­
ing p r o g r a m m e .
B a s e d  on the d i f f e r e n t i a l  io d in e -b lu e  r e a c t i o n  of the  a m y l o s e  f r a c ­
t ion ,  a s i m p le  m e th o d  was  d e v e lo p ed  by H a l i c k  and K e n e a s t e r  to p r o v id e  
an  e s t i m a t e  of the  r e l a t i v e  a m y l o s e  con ten t  in the  s a m p l e s .  T h is  m e th o d  
was  d e s c r i b e d  by th e m  in 1956, The m e th o d  is  s i m p l e ,  do es  not  r e q u i r e  
m u c h  s p e c i a l  e q u ip m e n t ,  u s e s  on ly  a s m a l l  a m ou n t  o f  g r a in  p e r  s a m p le  
a nd  i s  r a p i d ,  T h e s e  f e a t u r e s  p e r m i t  i t s  u s e  in a  r i c e  b r e e d in g  p r o g r a m m e .
A c o n s i s t e n t  r e l a t i o n s h i p  b e tw e e n  iodine  v a lu e s  o b ta in e d  by  th is  
m e th o d  and  the a c t u a l  a m y l o s e  c on ten t  o b ta in e d  by  c h e m i c a l  d e t e r m i n a ­
t ion  i n d ic a t e s  the  r e l i a b i l i t y  of  the  iod ine  m e th o d  for  th e  e s t i m a t i o n  of 
a m y l o s e  c o n te n t .  A  good c o r r e l a t i o n  b e tw ee n  the  r e s u l t s  of th i s  m e th o d  
and a c t u a l  cooking  t e s t s  w a s  a l s o  r e p o r t e d  by  the a u t h o r s  who h ad  d e ­
s c r i b e d  the  m e th o d .  A l l  of th i s  i n f o r m a t io n  i n d ic a t e s  th a t  the  iod ine  
m e th o d  p r o v i d e s  a  su f f ic ie n t ly  r e l i a b l e  e s t i m a t e  o f  a m y l o s e  con te n t  and  
cooking  q u a l i ty  to j u s t i f y  it  e x te n s iv e  u s e  in r i c e  b r e e d i n g .  The iodine  
t e s t  h a s  been  in u s e  in the  U n i ted  S ta te s  s in c e  1955. The fac t  th a t  in  1957 
a lo n e  7175 s a m p l e s  w e r e  e v a lu a te d  fo r  cooking a n d  p r o c e s s i n g  b e h a v io u r  
u s in g  th i s  iodine  t e s t  would show how e x te n s iv e ly  th i s  t e s t  h a s  been
u t i l i z e d  to d e te c t  d i f f e r e n c e s  in the  v a r i e t i e s  in the  Uni ted  S t a t e s .
In sp i t e  o f  i t s  wide a p p l i c a t io n  in r i c e  b r e e d i n g  p r o g r a m m e s  in the  
U n i ted  S t a t e s ,  know ledge  c o n c e rn in g  the gene t ic  and b r e e d in g  b e h av io u r  
of  iodine  va lue  i s  v e ry  l i m i t e d .  The l i t t l e  in f o r m a t io n  th a t  h a s  so fa r  
b e en  a v a i l a b l e  h a s  been  f r o m  h igh ly  s e l e c t e d  po p u la t ion s  and even h e r e  
s tu d ie s  h av e  no t  b e en  s y s t e m a t i c .  H o w e v e r ,  it is  w el l  known th a t  m a j o r  
d i f f e r e n c e s  in s t a r c h  f r a c t io n s  a r e  h e r e d i t a r y .  Being so ,  a knowledge 
c o n c e r n in g  the  g e n e t i c s  of  a m y l o s e  co n ten t  in t e r m s  of iodine  va lue  and 
the  b r e e d in g  b e h a v io u r  would d e f in i te ly  i m p r o v e  the  e f f e c t i v e n e s s  of the 
b r e e d in g  p r o g r a m m e s .  Any new i n f o r m a t i o n  o b ta in ed  th ro u g h  a s y s t e m a ­
t ic  s tudy  would i t s e l f  add  to the  p r e s e n t  know ledge .  It i s  t h e r e f o r e  the 
in ten t ion  of the p r e s e n t  s tudy  to o b ta in  i n f o r m a t io n  c o n c e rn in g  the i n ­
h e r i t a n c e  of  a m y l o s e  con ten t  a s  in d ic a te d  by  the iodine  t e s t .
T h is  s tudy  w as  c o n d u c ted  with the p a r e n t s  F j ,  F ^ ,  a nd  F ^  g e n e r a ­
t io n s  of  a c r o s s  b e tw een  T o r o ,  a v a r i e t y  with  a h igh iodine  va lu e  (low 
a m y l o s e  c o n te n t ) ,  and  T e x a s  P a t n a ,  a v a r i e t y  with a  low iodine va lue  
(high a m y l o s e  con te n t ) .  Both p a r e n t s  a r e  long g r a i n e d  ty p e s .  Since 
th e s e  two v a r i e t i e s  a l s o  d i f f e r e d  in r e s p e c t  to d a te  of  m a t u r i t y ,  a p ic u lu s  
c o lo u r  and  c o lo u r  of h u l l ,  a  s tudy  w a s  m a d e  of t h e i r  a s s o c i a t i o n  with 
iod ine  va lu e .
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iodine  Value
L i t e r a t u r e  dea l ing  with  the  i n h e r i t a n c e  of  iodine  va lue  i s  l i m i t e d  
be ing  m a i n l y  r e p o r t e d  f r o m  the R i c e - P a s t u r e  E x p e r i m e n t  S ta t ion ,  
B e a u m o n t ,  T e x a s .  To m a k e  the  i n f o r m a t io n  c o m p l e t e ,  s tu d ie s  c o n ­
duc ted  with d i f f e r e n t  a s p e c t s  of a m y l o s e  con ten t  have  a l s o  been  r e ­
v iew ed .
S an j iv a  R ao ,  e t  a l .  (1952) c o m p a r e d  the a m y l o s e  co n ten t  of d i f f e r ­
ent  Indian  v a r i e t i e s  with t h e i r  sw e l l in g  n u m b e r  c a l c u l a t e d  by th e m .  The 
a m y l o s e  con ten t  w as  d e t e r m i n e d  by th e m  a n a l y t i c a l l y .  They  c o n c lu d ed  th a t  
the sw e l l in g  n u m b e r  i n c r e a s e d  along with an i n c r e a s e  in a m y l o s e  co n te n t .  
V a r i e t i e s  with h igh  a m y l o s e  con ten t  e x h ib i ted  high sw el l ing  n u m b e r .
T h ey  a t t r i b u t e d  th i s  to the  s t r u c t u r e  of  the  a m y l o s e  f r a c t i o n  and s u g ­
g e s t e d  tha t  a s  a r e s u l t  of  the lo o se  s t r u c t u r e  p o s s e s s e d  by the  l i n e a r  
ch a in  c o m p o n e n t ,  the  k e r n e l s  w e r e  l e s s  r i g id  a n d  w e r e  a b le  to a b s o r b  
m o r e  w a t e r .  T he  sw e l l in g  n u m b e r  w as  d e s c r i b e d  a s  the weight  of w a te r  
im b ib e d  by 100 g r a m s  of r i c e  when cooked  in w a t e r  a t  98°C  u n d e r  s t a n d a r d  
c o n d i t io n s .  T h ey  a l s o  u s e d  the  sw el l ing  n u m b e r  a s  the  i n d ic a t o r  of c o o k ­
ing q u a l i ty  of  r i c e  and r e p o r t e d  tha t  v a r i e t i e s  hav in g  high  sw e l l in g  n u m b e r  
w e r e  p r e f e r r e d  by c o n s u m e r s  s in c e  t h e s e  v a r i e t i e s  b e c a m e  soft  when 
cooked .
8The l i n e a r  and b r a n c h e d  c o m p o n e n ts  of s t a r c h  have  a l s o  been 
s y n th e s i z e d .  Thus C o r i  and  C o r i  and H a n e s ,  both c i t e d  by B r a u t l e c h t  
(1953), w ork ing  indep en d en t ly  d i s c lo s e d  the s y n t h e s i s  in v i t r o  of the  
l i n e a r  c o m p o n e n t  u t i l iz ing  the s u b s t r a t e  g l u c o s e - 1 -p h o s p h a te  and an  
en zy m e  p h o s p h o r y l a s e .
P e a t ,  B o u r n e ,  H a w o r th  and a s s o c i a t e s ,  c i t e d  by B r a u t l e c h t  (1953), 
l a t e r  d i s c l o s e d  the  Q - e n z y m e  which ,  in the p r e s e n c e  of a  su i t a b le  s u b ­
s t r a t e ,  is  c a p a b le  of c o n v e r t in g  the l i n e a r  c o m p o n e n t  into  the b r a n c h e d  
c o m p o n e n t .
W i l l i a m s ,  et  a l .  (1955) in t h e i r  s tudy involv ing  d i s t r i b u t i o n  of the  
d i f f e r e n t  f r a c t i o n s  of s t a r c h  in r i c e  su g g e s t e d  th a t  s a m p l e s  a n a lyz ing  
at  l e a s t  2 0 % a m y l o s e  co n te n t  a r e  s a t i s f a c t o r y  f r o m  the cooking poin t  of 
v iew.
H a l ic k  and  K e n e a s t e r  (1956) m a d e  a  c o m p a r a t i v e  s tudy  o f  the  
iod ine  v a lu e  and  the  sw el l ing  n u m b e r  of  d i f f e r e n t  A m e r i c a n  r i c e  v a r i e ­
t i e s .  A m ong  the  long g r a i n e d  v a r i e t i e s  it w a s  no t  p o s s ib l e  to d e te c t  
d i f f e r e n c e s  in t h e i r  a m y l o s e  c o n te n t  by m e a n s  of t h e i r  sw e l l in g  n u m b e r .  
On the  o t h e r  h an d  sw el l ing  n u m b e r  of  s h o r t ,  m e d i u m  and long g r a in e d  
v a r i e t i e s  show ed d i f f e r e n c e s  ind ica t in g  d i f f e r e n c e s  in t h e i r  a m y l o s e  c o n ­
t e n t .  On the  b a s i s  o f  t h e s e  o b s e r v a t i o n s  the  a u t h o r s  c o n c lu d e d  th a t  the  
sw e l l in g  n u m b e r  d e t e r m i n a t i o n s  could not  be u s e d  a s  a  r e l i a b l e  e s t i m a t e  
of the  a m y l o s e  con te n t  in A m e r i c a n  long g r a i n e d  v a r i e t i e s .  In the s a m e  
s tudy  th ey  a l s o  d e t e r m i n e d  th e  iod ine  va lue  of s o m e  of  the A m e r i c a n  
v a r i e t i e s  of known cooking q u a l i ty .  On c o m p a r i n g  the  iod ine  va lue  with
9t h e i r  known cook ing  b e h a v io u r ,  t h e s e  a u t h o r s  c o n c lud ed  that  a low iodine 
va lue  (high a m y l o s e  con ten t)  w as  a s s o c i a t e d  with good cooking and 
p r o c e s s i n g  c h a r a c t e r i s t i c s  of long g r a i n e d  r i c e .  The  s a m e  a u th o r s  
(1956) r e p o r t e d  a c o m p a r i s o n  b e tw ee n  iodine  t e s t  and  a s im p le  cooking  
t e s t .  The  c r i t e r i a  u s e d  by th e s e  a u th o r s  fo r  t e s t i n g  th e  q ua l i ty  w e r e  the  
g e n e r a l  a p p e a r a n c e  of  the  cooked  r i c e  a f t e r  a  p e r io d  of  soak ing  in d i s ­
t i l l e d  w a t e r  and  the p r e s e n c e  o r  a b s e n c e  of long i tud ina l  s p l i t s .  In t h e i r  
p r o c e d u r e  the  s a m p l e s  c o n s i s t in g  of a  c e r t a i n  q u a n t i ty  of  m i l l e d  r i c e  
to g e th e r  with  a  known a m o u n t  of d i s t i l l e d  w a t e r  w e r e  cooked  in an a u t o ­
c la v e  in a s t e a m  a t m o s p h e r e  without  p r e s s u r e  for  20 m i n u t e s .  A p o r t io n  
of the  coo k ed  r i c e  w as  then  p l a c e d  in a p e t r i  d i sh  and kep t  s u b m e r g e d  in 
d i s t i l l e d  w a t e r  o v e r n i g h t .  The s a m p l e s  w e r e  then c a r e f u l l y  e x a m in e d .  
V a r i e t i e s  whose  cooked  g r a i n s  h a d  u n i f o r m  a p p e a r a n c e  and w e r e  without 
an y  lon g i tu d in a l  s p l i t s  w e r e  c o n s i d e r e d  to p o s s e s s  good cooking q ua l i ty .  
T he  cooking  t e s t  was  co n d u c ted  with 200 s a m p l e s  a n d  in 8 6 % of the 
s a m p l e s ,  the  r e s u l t s  of the cook ing  t e s t  w e r e  in a g r e e m e n t  with the 
iod ine  t e s t .
B e a c h e l l  and H a l ic k  (1957a) s tu d ied  the i n h e r i t a n c e  of iodine  va lue  
in s o m e  c r o s s e s .  In one  of t h e i r  s tu d i e s  the  F j  p la n t s  of  a  c r o s s  be tw een  
C e n tu r y  P a t n a  231 and T e x a s  P a t n a  w e r e  b a c k - c r o s s e d  to both p a re n t s *  
When T e x a s  P a t n a  w as  u s e d  a s  the  r e c u r r e n t  p a r e n t ,  a l l  of the p l a n t s  of  
the  f i r s t  b a c k - c r o s s  g e n e r a t i o n  had  low o r  i n t e r m e d i a t e  iodine v a lu e s .  
When the  r e c u r r e n t  p a r e n t  w a s  C e n tu r y  P a t n a  231,  about  f i f ty  p e r  cen t  
o f  the  p l a n t s  be longing  to the f i r s t  b a c k - c r o s s  p r o g e n y  h ad  h igh  iod ine
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v a lu e s  s i m i l a r  to C e n tu r y  P a t n a  231. On the  b a s i s  of t h e s e  o b s e r v a t i o n s  
the  a u t h o r s  co n c lu d ed  tha t  the  h igh  iodine  va lue  of C e n tu r y  P a t n a  231 
w a s  p r o b a b ly  c o n t r o l l e d  by a  s ing le  g ene .
T r a n s g r e s s i v e  s e g r e g a t e s  with iodine  v a lu e s  lo w e r  than  the  Ipw 
iod ine  p a r e n t  T e x a s  P a t n a  w e r e  o b ta in ed  in th e  f i r s t  b a c k c r o s s  g e n e r a ­
t ion  of the  c r o s s  (C e n tu ry  P a t n a  231 x T e x a s  P a t n a )  x T e x a s  P a t n a .
R e s u l t s  s i m i l a r  to th is  w e r e  o b ta in ed  by t h e m  in a few o t h e r  c r o s s e s .  
H o w e v e r ,  no t r a n s g r e s s i v e  s e g r e g a t io n  fo r  low iodine  va lue  was  o b ta in ed  
when the  F^  p la n t s  of  the  c r o s s  B luebonne t  50 a n d  T e x a s  P a t n a  w e r e  b a c k -  
c r o s s e d  to T e x a s  P a t n a .
Yet in a n o th e r  c r o s s  be tw een  C e n t u r y  P a t n a  231 and C. I. 9359 
t h e s e  a u t h o r s  (1957a)  o b ta in e d  a wide r a n g e  of typ es  in the  F ^  popu la t ion  
with iodine  v a lu e s  ran g in g  f r o m  17 to 92%. They  c o n c lu d ed  tha t  two o r  
m o r e  g en e t ic  f a c t o r s  m a y  be invo lved  a l though  they  w e r e  unab le  to e s ­
t a b l i s h  any  r a t i o .
F u r t h e r  s t u d i e s  on  the  i n h e r i t a n c e  of iod ine  va lue  w e r e  m a d e  by 
the  s a m e  a u t h o r s  (1957b) in  a d v a n c e d  s e l e c t i o n s  and  u n s e l e c t e d  bulk 
p op u la t io n  of a  c r o s s  be tw een  C e n tu r y  P a t n a  231 and B lu eb on n e t  50. In 
t h e s e  s tu d i e s  th e  a u t h o r s  o b s e r v e d  th a t  m o s t  ind iv id ua l  p lan t  s e l e c t i o n s  
with  iod ine  v a lu e s  o f  30% o r  b e lo w  p r o d u c e d  p r o g e n i e s  with low m e a n  
r e a d i n g s  a n d  s e l e c t i o n s  with 75% o r  above  t e n d e d  to p r o d u c e  p r o g e n i e s  
with h ig h e r  v a lu e s  in s u b s e q u e n t  g e n e r a t i o n s .  P r o g e n i e s  of p l a n t s  with 
i n t e r m e d i a t e  iod ine  v a lu e s  show ed  s e g r e g a t i o n  fo r  low ,  m e d i u m  and high  
v a lu e s .  S i m i l a r  r e s u l t s  w e r e  a l s o  o b ta in e d  by  t h e m  in s e v e r a l  o th e r
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c r o s s e s .  In som e i n s t a n c e s  s e l e c t i o n s  with  high  iodine  v a lu e s  w e r e  r e ­
c o v e r e d  f r o m  the  bulk popu la t io n  of f a m i l i e s  having  low iodine v a lu e s .
W i l l i a m s ,  et  a l .  (1958) p r e s e n t e d  ev id e n ce  for  the a s s o c i a t i o n  b e ­
tw een  iodine  v a lu e  and a m y l o s e  con ten t  in t h e i r  s tudy of the  a m y l o s e  
co n te n t  of a  n u m b e r  o f  r i c e  v a r i e t i e s .  The a m y l o s e  con ten t  of d i f fe re n t  
v a r i e t i e s  was  o b ta in ed  both a t  L o u i s i a n a  S ta te  U n i v e r s i t y  and  a t  Southern  
U t i l i z a t io n  R e s e a r c h  and D evelopm ent  D iv i s io n ,  New O r l e a n s .  T h ese  
v a lu e s  w e r e  c o m p a r e d  with the  iodine  v a lu e s  o b ta in ed  by  the s t a r c h - 
iod ine  blue t e s t .  H e r e ,  too ,  v a r i e t i e s  with h igh iodine v a lu e s  had  r e l a ­
t iv e ly  low  a m y l o s e  c o n te n t .  When the  p e r c e n t a g e  iodine  t r a n s m i s s i o n  
v a lu e s  w e r e  c o n v e r t e d  into a b s o r b a n c e s ,  a  c o e f f ic ien t  of c o r r e l a t i o n  of 
. 916 w a s  o b ta in ed  be tw een  a m y l o s e  d a ta  o b ta in ed  by L o u i s i a n a  S ta te  
U n i v e r s i t y  w o r k e r s  a n d  the v a lu e s  o b ta in e d  f r o m  the  s t a r c h - i o d i n e  blue 
t e s t .  B a s e d  on the  genera l  t r e n d  e x h ib i ted  by som e of  the  s a m p l e s  
s tu d ie d  by t h e m ,  it  w as  s u g g e s t e d  th a t  a m y l o s e  con ten t  m a y  b e  r e s p o n ­
s ib le  fo r  the  g e n e r a l  p r o c e s s i n g  c h a r a c t e r i s t i c s  of d i f f e r e n t  v a r i e t i e s .
M A T E R IA L S  AND M ETH O D S
The m a t e r i a l  s e l e c t e d  for  th i s  s tu d y  c o n s i s t e d  of p a r e n t s ,  F j ,  F 2  
and  F 3  g e n e r a t i o n s  of a  c r o s s  b e tw e e n  T o r o  and  T e x a s  P a t n a ,  two long 
g ra ined  v a r i e t i e s  of r i c e .  D e s p i t e  t h e i r  s i m i l a r i t y  in g r a in  l e n g th ,  t h e s e  
v a r i e t i e s  w e r e  known to d i f f e r  g r e a t l y  in iod ine  va lue  and  w e r e  c h o s e n  
f o r  th i s  r e a s o n .
T o r o  is  a  m i d s e a s o n ,  long g r a i n e d  v a r i e t y  d e v e lo p e d  a t  the  R ice  
E x p e r i m e n t  S ta t io n ,  C r o w l e y ,  L o u i s i a n a  and  r e l e a s e d  in 1955. It is  a  
s e l e c t i o n  f r o m  c r o s s e s  invo lv ing  t h r e e  v a r i e t i e s ,  R e x o r o ,  B lue  R o s e  
a n d  B lu e b o n n e t .  T o r o  i s  known to h a v e  a  low a m y l o s e  p e r c e n t a g e  and 
a  c o r r e s p o n d i n g l y  h igh  iod ine  value*
T e x a s  P a t n a  i s  a  l a t e  m a t u r i n g ,  long  g r a i n e d  s e l e c t i o n  f r o m  a  c r o s s  
b e tw e e n  R e x o r o  a n d  C .  I. 5094. It  w a s  d e v e lo p e d  a t  the  R i c e - P a s t u r e  
E x p e r i m e n t  S ta t i o n ,  B e a u m o n t ,  T e x a s  a n d  d i s t r i b u t e d  in 1942. T h is  
v a r i e t y  w a s  s e l e c t e d  a s  a  p a r e n t  in the s tu d y  b e c a u s e  of i t s  v e r y  h ig h  
a m y l o s e  c o n te n t  and c o n s e q u e n t  low iod ine  v a lu e .
T h e  c r o s s  m a d e  in 1955 by M r .  N e l so n  E* Jo d o n  a t  the  R ic e  
E x p e r i m e n t  S ta t io n ,  C r o w l e y ,  L o u i s i a n a ,  a nd  a  s in g le  F^  p l a n t  w a s  
g r o w n  a t  C r o w l e y  in  1956. The  a u t h o r  w a s  g e n e r o u s l y  g iv e n  the s e e d s  
f r o m  t h i s  F j  p la n t  fo r  c o n t in u a t io n  of  the  s tu d y  by M r .  Jodon* The  s e e d s  
f r o m  the  F j  p l a n t  w e r e  s p a c e d  s in g ly  in  r o w s  in 19$ 7 a t  th e  R ic e  
E x p e r i m e n t  S t a t i o n ,  C r o w l e y ,  to  p r o v i d e  the  F 2  p o p u la t i o n .  T o r o  w as
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grown a lo n g s id e  in a  s in g le  r o w  c o n s i s t i n g  of 24 p l a n t s .  S i m i l a r l y ,  28 
p la n t s  of  T e x a s  P a t n a  w e r e  a l s o  g row n in a n o th e r  r o w .  The p lan t ing  was 
done on May 11, 1957, and the F£ popu la t ion  c o n s i s t e d  of 551 p l a n t s .  
E v e r y  t e n th  p lan t  w as  t agged  both in the popu la t ion  and  in the  p a r e n t a l  
l i n e s .  The a c tu a l  n u m b e r  of the  p lan t  w as  m a r k e d  on the t ag  with w a t e r ­
p ro o f  ink .
The d a te  of h ead in g  was  r e c o r d e d  for each plant  in the F ^  p o p u l a ­
t ion  and in the  p a r e n t a l  r o w s .  The da te  of head ing  was ta k e n  a s  the da te  
on which  the f i r s t  p a n ic le  em e rg ed  f r o m  the f lag l e a f .  To f a c i l i t a t e  a n a l y ­
s i s  the da te  of head ing  w as  l a t e r  c o n v e r t e d  to n u m b e r  of  days  to head  
f ro m  the  d a te  of se ed in g .
T he  c o lo u r  of the  a p ic u lu s  w as  a l s o  r e c o r d e d  fo r  each  plant  in the 
f ie ld  a s  the  p l a n t s  h e a d e d .  The F £  p l a n t s  w e r e  l a t e r  g r o u p e d  into two 
c l a s s e s ,  i . e . ,  c o lo u r e d  and  c o l o u r l e s s  a p ic u lu s .
A f t e r  the p l a n t s  h ad  m a t u r e d ,  the co lou r  of th e  hu l l  w a s  r e c o r d e d  
in  the  f ield for  e a c h  p lan t  in th e  F £  popu la t ion .  T he  F 2  p l a n t s  cou ld  be 
g ro u p ed  into  two c l a s s e s ,  i . e .  , p l a n t s  with  s t r a w  c o lo u r e d  hull  and 
p l a n t s  with gold hu l l .
A f t e r  th e  d a ta  d e s c r i b e d  p r e v i o u s ly  had  been  o b ta in e d  in the  f i e ld ,  
e a c h  F 2  and  p a r e n t a l  p l a n t  w a s  h a r v e s t e d  and  t h r e s h e d  in d iv idu a l ly .
E nough  s e e d s  fo r  ru n n in g  the  iodine t e s t  w e r e  a v a i l a b l e  f r o m  on ly  
470 p la n t s  in  the  F 2  popu la t ion .  A l l  p l a n t s  of the  p a r e n t s  w e r e  a l s o  
t e s t e d  ind iv idu a l ly .  The p r o c e d u r e  fo l low ed in  the  iodine t e s t  was  
s i m i l a r  to the  one  d e s c r i b e d  by H a l ic k  and  K e n e a s t e r  (1956) to
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d e t e r m i n e  d i f f e r e n c e s  am ong  r i c e  v a r i e t i e s .  The t e s t s  w e r e  c o n d uc ted  
a t  the  R i c e - P a s t u r e  E x p e r im e n t  S ta t ion ,  B e a u m o n t ,  T e x a s .
F o r  each  p lan t  t e s t e d  4 g r a m s  of ro ug h  r i c e  w e r e  d eh u l led  in a  
M cG il l  s h e l l e r .  The  b ro w n  r i c e  w a s  then  p lac ed  in a  t e s t  tube  with a 
spoonful  o f  fine san d .  The t e s t  tube was c lo s e d  t igh t ly  and  p l a c e d  in a  
m i l l in g  d e v ic e  in which the tube was  shaken  a t  a sp e ed  of 500-600  r p m .  
T h o ro ug h  shak ing  was  co n t in ued  for  30 m i n u t e s .  The s a m p le  w as  then  
r u n  th ro u g h  a s ie v e  of . 135 inch  gauze  to r e m o v e  the b ro k e n  p a r t i c l e s .  
T he  whole k e r n e l s  w e r e  c o l l e c t e d  and rub b ed  with a  p ie c e  of c le a n  c lo th  
to r e m o v e  the sand p a r t i c l e s  th a t  m ig h t  have  been  s t i ck in g  on the su r face  
o f  the g r a i n s .  The c l e a r  white  g r a i n s  w e r e  g ro u n d  to a  fine pow d er  in a 
s m a l l  g r in d in g  m a c h in e .
One g r a m  of th is  p o w der  w as  t r a n s f e r r e d  to a c o n ic a l  f l a sk  and 
100 c c .  of d i s t i l l e d  w a t e r  w e r e  a d d e d  to the  f l a s k .  The f l a s k  was 
th o ro u g h ly  sh a k en .  Twenty  f l a s k s  a t  a  t im e ,  inc lud ing  two c o n t r o l s  
c o n s i s t in g  o f  T e x a s  P a t n a  and C e n tu r y  P a t n a  w e r e  then  p l a c e d  in f ive 
s p e c i a l l y  bu i l t  h o l d e r s  and  these  w e r e  kep t  in a  hot w a t e r  b a th  m a in t a in e d  
a t  77°C for  45 m i n u t e s .  The f l a s k s  w e r e  kep t  gen t ly  c lo s e d  in th e  w a te r  
b a th .  A f t e r  t h i s  p e r i o d ,  the  f l a s k s  w e r e  r e m o v e d  f r o m  th e  b a th  and  
a l lo w e d  to cool  a t  r o o m  t e m p e r a t u r e  fo r  15 m i n u t e s .  The  s u s p e n s io n  
w as  th en  f i l t e r e d .
Ten  c c .  o f  t h i s  f i l t r a t e  w e r e  p ip e t t e d  into a  100 c c .  f l a s k  which  
a l r e a d y  c o n ta in e d  1 c c .  o f  an  iodine  so lu t ion  (m ad e  f r o m  2 g r a m s  of  
iod ine  and 20 g ra in s  o f  p o t a s s i u m  iod ide  in one l i t r e  o f  d i s t i l l e d  w a t e r ) ,
1 cc .  o f  30 p e r  cen t  h y d r o c h l o r i c  a c id  and  65 c c .  of  d i s t i l l e d  w a t e r .  The 
volume of the  so lu t ion  in the  f l a s k  was  then  m a d e  up to 1 0 0  c c .  and  the 
c o n te n t s  w e r e  a l low ed  to stand for  30 m i n u t e s .  The in t e n s i ty  of blue 
c o lo u r  w as  then  d e t e r m i n e d  in a  p h o t o - e l e c t r i c  c a l o r i m e t e r  a t  600 m u .
P e r  cen t  t r a n s m i s s i o n  of each  e x p e r i m e n t a l  so lu t ion  was d e t e r m i n e d  in 
r e l a t i o n  to a c o n t r o l  c o n s i s t in g  of 1 c c .  of the  i o d in e - p o ta s s iu m  iodide  
so lu t ion  and  1 c c .  of  the  h y d r o c h lo r i c  ac id  so lu t ion  in 1 0 0  c c .  of d i s ­
t i l l e d  w a t e r .  The t r a n s m i s s i o n  of the c o n t ro l  w as  se t  a t  100. Any se t  
in which the r e a d i n g  for T e x a s  P a t n a  e x c e e d e d  18 was  d i s c a r d e d  and the  
iod ine  t e s t  w as  ru n  once  aga in  with  t h e s e  s a m p l e s .
The  c r o s s  be tw een  T o ro  an d  T e x a s  P a t n a  was rem ad e  in 195 7 and 
in 1958 f ive F j  p l a n t s  w e r e  grow n a long  with the p a r e n t s .  E a c h  p a r e n t a l  
l ine c o n s i s t e d  of n ine  p l a n t s .  The  p a r e n t s  and  the  p la n t s  w e r e  sown 
on M ay  13, in th a t  y e a r .  The d a te  of head ing  and  o b s e r v a t i o n s  on a p ic u lu s  
c o lo u r  and c o lo u r  o f  the  hul l  w e r e  r e c o r d e d  on an ind iv idua l  p lan t  b a s i s  
in the f ie ld  in a  s i m i l a r  m a n n e r  to th a t  of the p r e v io u s  y e a r .  A f te r  
m a t u r i t y  of the  p l a n t s ,  th ey  w e r e  h a r v e s t e d  and  t h r e s h e d  ind iv idua l ly .
T he  F j  p l a n t s  a n d  p l a n t s  be longing  to both  p a r e n t s  w e r e  t e s t e d  ind iv id ua l ly  
fo r  iodine v a lu e .
A f te r  c o m p le t io n  o f  the  a n a l y s i s  in 1957, 112 F 2  p l a n t s  ou t  of 
th e  470 t e s t e d  fo r  iodine  va lue  w e r e  t a k e n  for p r o g e n y  t e s t in g  a s  F 3  
l i n e s  in 1958. The  s e l e c t i o n  of  the  112 ¥  ^  p l a n t s  was  not  a t  r a n d o m .
T hey  w e r e  s e l e c t e d  to inc lude  s e v e r a l  p l a n t s  f r o m  e a c h  iodine c l a s s  
found in the  F 2  p o p u la t io n .  The s e e d s  of  112 F 3  l i n e s  and the p a r e n t s
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w e r e  d r i l l e d  on A p r i l  4 , 1968. The sowing was  in te n t io n a l ly  done a t  an  
e a r l y  d a te  to p r o v i d e  a  m a x i m u m  period fo r  the p l a n t s  to  d e v e lo p .  E ach  
p a r e n t  and  F 3  l ine  w a s  p l a n te d  in s e p a r a t e  r o w s .  E a c h  ro w  was  12.0  
fee t  in leng th  and in e a c h  ro w  the p l a n t s  w e r e  s p a c e d  6  i n c h e s  a p a r t  with 
the  r e s u l t  tha t  e a c h  ro w  had  tw e n ty - f iv e  p l a n t s .  The r o w s  w e r e  sp a c e d  
9 in c h e s  a p a r t .  E a c h  F 3  l in e  and p a r e n t  was r e p l i c a t e d  t h r e e  t i m e s  in 
the  f o r m  of a  r a n d o m i z e d  b lock  d e s ig n .  In each  b lo ck  the l i n e s  w e r e  
a r r a n g e d  by the u s e  of a  r a n d o m i z a t io n  t a b le .  In each  r o w ,  e v e r y  ten th  
p lan t  was  t agg ed  and the n u m b e r  of the  p lan t  w as  m a rk e d  on the tag .
R e c o r d s  taken  in the  f ie ld  fo r  the  p a r e n t s  and  F 3  l i n e s  in c lu ded  
d a te  o f  h e a d in g ,  a p ic u lu s  co lou r  and  c o lo u r  of the  h u l l .  T h e s e  r e c o r d s  
w e r e  m a d e  on the b a s i s  of ind iv idua l  p l a n t s  and w e r e  tfcken in the  m a n n e r  
d e s c r i b e d  for  the  1957 p o p u la t io n s .  A f te r  a l l  r e c o r d s  h ad  been  c o m p le t e d  
in the  f ie ld ,  t e n  p l a n t s  f r o m  the f i r s t  r e p l i c a t i o n  of e a c h  F 3  l i n e ,  s t a r t i n g  
f r o m  the 4th  p lan t  in the r o w ,  w e r e  h a r v e s t e d  in d iv id u a l ly .
S e v e n t y - t h r e e  of th e  F 3  l in e s  and  the  two p a re n t s  h a r v e s t e d  in th is  
m a n n e r  w e r e  t e s t e d  for  iodine  v a lu e .  The iodine  va lu e  w as  d e t e r m i n e d  
fo r  e a c h  p lan t  by the  method u s e d  in 1957 an d  d e s c r i b e d  e a r l i e r .
In the  l a b o r a t o r y  th e  d a te  o f  h e ad in g  for  a l l  the  p l a n t s  in each  F 3  
l i n e  w a s  a s s e m b l e d  f r o m  the  t h r e e  r e p l i c a t i o n s .  The d a te  of head ing  
w as  c o n v e r t e d  to n u m b e r  of days  to h e a d  f r o m  the  d a te  o f  s e e d in g .  The  
m e a n  v a lu e  fo r  e a c h  l in e  w a s  su b s e q u e n t ly  o b ta in ed .  S i m i l a r l y  the d a ta  
fo r  a l l  the p l a n t s  in e a c h  F ^  l in e  in r e s p e c t  to a p ic u lu s  c o lo u r  and hu l l  
c o lo u r  w e r e  a s s e m b l e d .
T he  d a ta  c o l l e c t e d  f r o m  the p a r e n t s ,  F j ,  F 2  a n d  F j  g e n e ra t io n s  
w e r e  a n a ly z e d  to p ro v id e  i n f o r m a t io n  on the n a t u r e  of i n h e r i t a n c e  of  
iodine v a lu e ,  i t s  h e r i t a b i l i t y  and e f f e c t i v e n e s s  o f  s e l e c t io n  in F 2  and  i t s  
a s s o c i a t i o n  with the  o th e r  c h a r a c t e r s .
E X P E R IM E N T A L  R E SU L T S AND DISCUSSION
Iodine Value
T he  in h e r i ta n c e  o f iod ine  va lue  w as  s tu d ied  in the  p a r e n t s ,  F ^ ,
F 2  a n d  F 3  g e n e ra t io n s  of a  c r o s s  b e tw e e n  T o ro  an d  T e x a s  P a tn a ,  The 
c r o s s  w as  o r ig in a l ly  m a d e  in 1955 and a  s in g le  F j  p la n t  w as  g row n  in 
1956. An F 2  p o p u la t io n  d e r iv e d  f ro m  the s in g le  F j  p lan t  w as g row n  in 
1957 to g e th e r  w ith  the  p a r e n t s .  The f re q u e n c y  d i s t r ib u t io n s  o f  p la n ts  
belonging  to the  p a r e n t s ,  F j  and  F 2  g e n e ra t io n s  fo r  iod ine  va lue  a r e  
g iven  in T a b le  1, T h e ir  m e a n  iod ine  v a lu e s  a r e  a l s o  in c lu d ed .
T e x a s  P a tn a  - T h is  p a r e n t  p o p u la t io n  c o n s i s t e d  of 28 p la n t s  an d  a l l  
w e re  t e s te d  for iod ine  v a lu e .  The iod ine  v a lu e s  fo r th e s e  p la n ts  r a n g e d  
f ro m  12% to 20% w ith  a  m e a n  v a lu e  of 15 .6% . T h is  m e a n  iod ine  v a lu e  o b ­
ta in e d  for T e x a s  P a tn a  i s  c lo s e  to v a lu e s  r e p o r t e d  fo r  d i f f e r e n t  s a m p le s  
of T e x a s  P a tn a  in  o th e r  t e s t s ,  w hich  v a ry  be tw een  16% and 20%. The 
r e l a t i v e ly  low  iodine t r a n s m i s s i o n  v a lu e  fo r  T e x a s  P a tn a  i s  p r e s u m e d  to 
in d ic a te  a  h igh  a m y lo s e  c o n te n t  s in c e  the  b lue  c o lo r  r e s u l t in g  f ro m  the 
r e a c t io n  b e tw een  a m y lo s e  and  io d in e  a c t s  to in h ib i t  t r a n s m i s s i o n  of l ig h t .  
C h e m ic a l  d e te r m in a t io n s  o f  a m y lo s e  c o n te n t  h a v e  shown th a t  T e x a s  P a tn a  
p o s s e s s e s  a ro u n d  23% o f  a m y lo s e  f r a c t io n  (W il l ia m s ,  e t  a l ,  1958). Com* 
p a r e d  to o th e r  long  g r a in e d  v a r i e t i e s  o f r i c e ,  the a m y lo s e  c o n te n t  of 
T e x a s  P a tn a  i s  h igh  a n d ,  w ith  th e  p o s s ib le  e x c e p tio n  of R e x o ro ,  no long
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Table I .  Frequency d istribution of plants in  iodine value classes for the parents, F] and F‘ populations of a cross between Toro and lexas Patna.
?“10 11-1? 16-20 21-25 26-JO
Number of Plants in  Iodine Value Classes 
36-40 41-45 46-50 51-55 56-60 61-65 66-70 71-7? 76-80 Total Kean
Texas Patna 13 15 28 15.6
Toro 1 11 10 2 24 56.3
F1 4 1 5 22.8
F2 1 34 14B 147 32 3 3 12 19 18 14 18 15 3 3 470 28.5
H
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g ra in e d  A m e r ic a n  v a r i e ty  t e s te d  so f a r  h a s  a h ig h e r  a m y lo s e  c o n te n t .  A s 
a  r e s u l t  of the high  a m y lo s e  p e r c e n ta g e ,  the cooking  q u a li ty  of T e x a s  
P a tn a  i s  good.
T o ro  - A  to ta l  of 24 p la n ts  be longing  to the  T o ro  p a r e n t  w e re  t e s te d  
fo r  iod ine  v a lu e .  T h is  p a re n t  had  a c o m p a r a t iv e ly  w id e r  r a n g e  than  T e x a s  
P a tn a ,  f r o m  50% to 62%, and a m e a n  v a lu e  of 56. 3%. T h is  w id e r  r a n g e  
in the  iodine v a lu e  in d ic a te d  th a t  t h e r e  w as c o n s id e r a b le  in f lu e n ce  o f  e n ­
v iron m en t on the  e x p r e s s io n  of iod ine  va lue  of T o ro .  P r e v io u s  t e s t s  had  
a l s o  show n th a t  the iod ine  va lue  of th is  p a r e n t  w as su b je c t  to c o n s id e r a b le  
e n v iro n m e n ta l  v a r i a t io n .  The m e a n  value o b ta in ed  in th is  s tu d y  fo r  T o ro  
w as c lo s e  to v a lu e s  r e p o r t e d  in o th e r  s tu d ie s .  The m e a n  io d ine  va lue  of 
T o ro  i s  r e l a t i v e ly  h ig h ,  e s p e c ia l ly  fo r  a  long  g ra in e d  r i c e .  M ost long 
g ra in e d  v a r i e t i e s  have  c o n s id e r a b ly  lo w e r  v a lu e s .  T h is  s u g g e s t s  th a t  
the  a m y lo s e  f r a c t io n  o f  the  s t a r c h  in T o ro  i s  low . The a c tu a l  a m y lo s e  
c o n te n t  of s t a r c h  in T o ro  h a s  been  r e p o r t e d  to be on ly  14% (W il l ia m s ,  
e t  a l .  1958), which is  m u c h  lo w e r  than  m o s t  long g ra in e d  ty p e s .  T h u s ,  
T o ro  i s  no t  a  ty p ic a l  long  g r a in e d  r i c e  in r e s p e c t  to a m y lo s e  co n ten t and 
would be  e x p e c te d  to b e h av e  d i f f e re n t ly  f ro m  the  a v e r a g e  long g ra in e d  
r i c e  in  cook ing  c h a r a c t e r i s t i c s .  T h is  h a s  b e e n  found to be t r u e .  Due 
to  i ts  low  a m y lo s e  c o n te n t  the  cook ed  r i c e  of T o ro  is  l e s s  f lak y  th an  
T e x a s  P a tn a  and  i s  so m e w h a t  s t ic k y .
R ic e  i s  ft s e l f  f e r t i l i s e d  p lan t and  s in c e  th e  v a r ia t io n  w ith in  e a c h  
p a r e n t  i s  n o t  e x tre m e ly  g r e a t  it  i s  a s s u m e d  th a t  th is  v a r ia t io n  i s  on ly
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e n v iro n m e n ta l  and  th a t  the p a r e n t s  w e r e  h o m o z y g o u s ,
T o ro  i s  one  of the  v a r i e t i e s  th a t  p o s s e s s e s  a  c o m p a r a t iv e ly  high
iod ine  v a lu e  and  h e n c e  a  low  a m y lo s e  c o n te n t .  On the o th e r  hand  T e x a s
P a tn a  h a s  a  v e r y  low  iod ine  value  and c o n se q u e n t ly  h igh  a m y lo s e  c o n te n t .
T hus the  d if fe ren c e  in the  p a r e n t s  in the  a m y lo s e  c o n te n t ,  in d ic a te d  by a
m e a n  d i f f e re n c e  of 40. 7% in th e i r  iodine v a lu e ,  c a n  be c o n s id e r e d  to
r e p r e s e n t  a lm o s t  the  m ax im u m  d i f fe re n c e  known a t  p r e s e n t  in r i c e .
The iod ine  va lue  fo r  the s in g le  F j  p lan t  w as  not o b ta in ed  in 1956.
The c r o s s  w a s ,  h o w e v e r ,  m a d e  ag a in  in  1957 and  F j  p la n t s  w e re  grow n
in 1958 along  w ith  the  p a r e n t s .  The m e a n  iod ine  v a lu e s  fo r each  of the
p a re n ts  w hen g row n  in 1957 and 1958 w e re  m o r e  o r  l e s s  id e n t ic a l .  In
1957 T e x a s  P a tn a  had  a m ean iodine value  of 15.6%  w hile  in 1958 i ts
m e a n  iod ine  v a lu e  w as  18. 3%. T o ro  had  a  m e a n  iod ine  value o f  56. 3%
«
in 1957 w h ile  i t s  m e a n  io d in e  v a lu e  in  1958 w as 56 .0% . S ince  the  iodine 
v a lu e s  of the  p a r e n t s  d id  no t d i f f e r  a p p r e c ia b ly  in the two y e a r s ,  it w as 
a s s u m e d  th a t  th e  r e s u l t s  f r o m  th e  F j  p la n t s  g row n  in 1958 c an  be c o m ­
p a r e d  v a l id ly  w ith  the  p a r e n t s  and  F 2  g row n in 1957. T he  f r e q u e n c y  
d i s t r ib u t io n s  of the F j  p la n ts  fo r iod ine  v a lu e  a r e  g iven  in T ab le  I.
T h e  io d in e  v a lu e s  f o r  th e  5 F^  p la n ts  show ed  a r a n g e  f ro m  20.5%  
to 26 .0% . T he  m ean iod ine  va lue  w as  22 .8% . T h is  n a r r o w  r a n g e  e x ­
h ib i te d  b y  th e  F j  p la n t s  in d ic a te d  th a t  the in f lu e n ce  of e n v iro n m e n t  on 
th e  e x p r e s s io n  o f  iod ine  va lue  in the  F} p la n ts  w as  no g r e a t e r  th an  fo r  
th e  low  io d in e  T e x a s  P a tn a  p a r e n t .  The m e a n  iod ine  v a lu e  22. 8 % of th e  
F}  p la n ts  w as  c l o s e r  to the  m e a n  of th e  low  io d in e  p a r e n t ,  T e x a s  P a tn a .
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T h is  in d ic a te d  p a r t i a l  d o m in a n c e  for low  iodine v a lu e .  With a b s e n c e  of 
d o m in a n c e  the m e a n  o f  the F j  should  have  been  n e a r e r  to 3 5 ,9 % , the a v e r ­
age  of the p a r e n t s .  F u r t h e r ,  a s s u m in g  c o m p le te  d o m in a n ce  o f  low 
iod ine  va lue  the F j  p la n ts  shou ld  p o s s e s s  a  s i m i l a r  r a n g e  and  frequency  
a s  that o f  T e x a s  P a t n a .  H o w e v e r ,  in the p r e s e n t  s tu d y , th e  f r e q u e n c y  
d i s t r ib u t io n  of the F j  p la n t s  w a s  in c o n tin u a t io n  of the low iodine p a re n t  
and  t h e i e  w as no o v e r la p p in g .  T h is  in d ic a te d  th a t  d o m in a n c e  of low  
iod in e  v a lu e  w as  on ly  p a r t i a l .
The ev id e n ce  in the  F j  g e n e r a t io n ,  t h e r e f o r e ,  in d ic a te d  th a t  low  
iod ine  va lue  show ed p a r t i a l  d o m in a n c e  in the  p r e s e n t  s tu dy . D o m in an c e  
o f  low  iodine value w as  a l s o  o b s e r v e d  by B e a c h e l l  and  H a l ic k  (1957a) in 
th e i r  s tu d ie s .
O nly  470 of the  551 p la n ts  be long ing  to the F£  p o p u la t io n  w e re  
t e s te d  for iod ine  v a lu e  a s  su ff ic ie n t  s e e d s  to  ru n  the  iod ine  t e s t  w e re  
no t a v a i la b le  f r o m  the  r e m a in in g  p la n t s .  The F ^  p o p u la t io n  show ed a  wide 
r a n g e  w ith  p la n t s  hav ing  iod ine  v a lu e s  a s  low a s  or lo w e r  th an  the low  
io d in e  p a r e n t  and  o t h e r s  with iod ine  v a lu e s  m u c h  h ig h e r  th an  the  high  
iod ine  p a r e n t .  T h is  e x tre m e ly  w ide ra n g e  in d ic a te d  th a t  c o n s id e r a b le  
g e n e t ic  v a r i a t io n  w as  p r e s e n t  in th e  F ^  p o p u la t io n .  The m e a n  of th e  F£  
w a s  28. 5%. T h is  low F £  m e a n  v a lue  d e s p i te  a w ide range  a g a in  in d ic a te d  
p a r t i a l  d o m in a n c e  fo r  low iodine v a lu e .
The d i s t r ib u t io n  in  F 2  w a s  co n tin u o u s  f r o m  a  m in im u m  value  of 8 % 
to a  m a x im u m  of 78%. H o w e v e r ,  the  d i s t r ib u t io n  o f  the F ^  p la n t s ,  
though  c o n tin u o u s ,  w as  in a  way u n u su a l  in  th a t  o n ly  s ix  p la n ts  w e re
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o b ta in e d  in  the  r a n g e  of 31 to 40 . E x c e p t  for th e s e  s ix  p la n t s ,  the d i s t r i ­
b u tion  would h av e  b e e n  d is c o n t in u o u s .
T h e  f re q u e n c y  d is t r ib u t io n  c u rv e  fo r  the  470 F 2  p la n ts  is  g iven  in 
F ig u r e  1* A  n o r m a l  c u rv e  w as  not o b ta in e d .  In s te a d ,  the d a ta  gave  an 
e s s e n t i a l l y  b im o d a l  c u rv e  w ith  one m o d e  be tw een  11 and 30 an d  a n o th e r  
b e tw e e n  41 and 70. T h u s ,  362 o f  the 470 F 2  p la n t s  t e s t e d  fo r  iodine 
va lue  w e re  w ith in  the  r a n g e  of T e x a s  P a tn a  and  the F j  and  h ad  low  to 
m o d e r a te ly  low iod ine  v a lu e s .  T h is  a ls o  in d ic a te d  p a r t i a l  d o m in a n ce  
fo r  low  io d in e  v a lu e .
16 the  r e m a in in g  F 2  p la n t s  a r e  a s s u m e d  to be l ik e  T o r o ,  a p p r o x i ­
m a te ly  3 /4  o f  the  F 2  p la n t s  w e re  w ith in  the r a n g e  o f  the low  iod ine  p a r e n t  
T e x a s  P a tn a  a n d  F^  and  a p p ro x im a te ly  1 /4  in  the  r a n g e  o f  h igh  iod ine  
p a r e n t ,  T o ro .
The b im o d a l  d i s t r ib u t io n  of p la n t s  in the  F 2  p o p u la t io n ,  v i r tu a l  
a b s e n c e  o f Fg  p la n t s  in th e  r a n g e  31 tp  40 (an a r e a  not r e p r e s e n te d  by 
the  p a r e n t s  o r  F j )  an d  the a p p ro x im a te  3 /4  : 1 /4  r a t i o  b e tw een  F 2  p la n ts  
l ik e  the  T e x a s  P a tn a  and  F [  c o m p a re d  w ith th o s e  re s e m b l in g  T o ro  s u g ­
g e s t  s e g r e g a t io n  fo r  one p a i r  of m a jo r  g e n e s  for iod ine  va lue  in  th i s  
c r o s s  w ith  p a r t i a l  d o m in a n c e  for lo w  io d in e  v a lu e .
In a d d i t io n ,  th e  T% d a ta  a l s o  s u g g e s t  s e g re g a t io n  fo r  m in o r  g e n e s  
hav ing  a  m o d ify in g  e ffe c t  on the  m a jo r  p a i r .  One e v id e n c e  w as  the 
p r e s e n c e  of 18 p la n ts  in  the r a n g e  31 to 45 . T h e s e  few  p la n t s ,  o c c u p y ­
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F ig u r e  1* F r e q u e n c y  d i s t r ib u t io n  c u rv e  fo r  io d in e  va lue  in  th e  p a r e n t s ,  
F |  a n d  F ? p o p u la t io n s  of a  c r o s s  b e tw een  T o ro  and  T e x a s
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to h a v e  d i f f e r e d  in r e s p e c t  to the  m in o r  g e n e s  on ly . S e g re g a t io n  fo r  the 
m in o r  g e n es  r e s u l t e d  in th e s e  p la n ts  p o s s e s s in g  iod ine  v a lu e s  b e tw een  
th o s e  of th e  F j  and  T o ro .
In the  F £  d i s t r ib u t io n ,  o n ly  two p la n ts  had  iod ine  v a lu e s  lo w e r  
than  the lo w e s t  va lue  fo r  the  low  iod in e  T e x a s  P a tn a  p a r e n t .  The p e r ­
c e n ta g e  of such  p la n ts  w as  e x tre m e ly  low  a n d ,  in v iew  of the  in f lu en ce  
of e n v iro n m e n t ,  it  a p p e a r s  p ro b a b le  th a t  no F ^  p lan t  w ith  a  geno type  fo r  
lo w e r  iod ine  v a lu e  than  T e x a s  P a tn a  o c c u r r e d .  The F£ d i s t r ib u t io n  p r o ­
v ided  th e r e f o r e  no ev id e n ce  fo r  the o c c u r r e n c e  of t r a n s g r e s s i v e  s e g r e g a ­
t io n  fo r  low  iod ine  v a lu e .  T h is  would in tu rn  in d ic a te  th a t  th e  h igh  iod ine  
p a r e n t  T o ro  p ro b a b ly  d id  not p o s s e s s  any  m o d i f i e r s  fo r  low  iod ine  v a lu e .  
In the  p r e s e n t  s tudy  it a p p e a r s  th a t  t h e r e  w e re  no p la n ts  in  th e  F 2  in 
w hich  the g ene tic  p o te n t ia l  for a m y lo s e  c o n te n t  of the s t a r c h  w as g r e a t e r  
than  the a m o u n t  p r e s e n t  in T e x a s  P a tn a .
On the  o th e r  h an d  32 of the F 2  p la n ts  e x c e e d e d  th e  m a x im u m  value  
o b ta in ed  for a n y  p la n t  of T o ro  (62%), T h e s e  p la n ts  wnuld r e p r e s e n t  t r a n s ­
g r e s s i v e  s e g r e g a t e s  fo r  h ig h  iod ine  va lue  an d  p ro b a b ly  o b ta in e d  m in o r  
g e n e s  f r o m  th e  low iod ine  p a r e n t .  F r o m  the  po in t of v iew  of c h e m ic a l  
c o m p o s i t io n  o f  s t a r c h ,  the a m y lo s e  c o n te n t  of s t a r c h  in su ch  p la n t s  would 
be  e x p e c te d  to  be lo w e r  th a n  th a t  of T o r o .  T h is  i s  p ro b a b ly  t r u e  fo r  p a r t  
o f  th e s e  F 2  p la n t s  b u t  i t  a p p e a r s  th a t  a  fac to r  o th e r  th an  a m y lo s e  c o n te n t  
a ls o  a f fe c te d  io d in e  t r a n s m i s s io n  am o n g  th e  F 2  p l a n t s .
A m ong th e s e  32 t r a n s g r e s s i v e  s e g r e g a t e s  fo r  h igh  iod ine  v a lu e ,  s ix
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p la n ts  e x c e e d e d  the  m a x im u m  value  of T o ro  by a p p ro x im a te ly  10 to 20 
u n i t s .  T h e s e  p la n ts  d id  n o t a p p e a r  to h av e  an y  a m y lo s e  s in c e  the 
c o lo u r  w as e s s e n t ia l ly  y e llo w . In th is  r e s p e c t  th e y  r e s e m b l e d  the  be  - 
h a v io u r  of the  long g ra in e d  v a r i e ty  C e n tu ry  P a tn a  231 , w hich  h a s  been  
found to  h av e  an  e x t r e m e ly  h igh  iodine v a lu e .  C h e m ic a l  t e s t s  h ave  i n ­
d ic a te d  th a t  C e n tu ry  P a tn a  231 d o e s  c o n ta in  about 12% a m y lo s e  and  th a t  
th e  e x tre m e ly  h igh  iod ine  va lue  is  due to a h igh  g e la t in iz a t io n  t e m p e r a ­
t u r e .  C e n tu ry  P a tn a  231 d o e s  n o t becom e g e la t in iz e d  a t  the t e m p e r a t u r e  
u s e d  in the  iod ine  t e s t ,  7 7 °C . It is  p o s s ib le  th a t  th e  s ix  F 2  p la n ts  w ith  
iod ine  v a lu e s  h ig h e r  th an  70 r e p r e s e n t  s e g r e g a t e s  fo r  h igh  g e la t in iz a t io n  
t e m p e r a t u r e .  If th is  is  the c a s e ,  it i s  not p o s s ib le  to e s t im a te  t h e i r  
a m y lo s e  c o n te n t  f r o m  t h e i r  iod ine  v a lu e s .  T hey  m a y  h av e  h ad  low 
a m y lo s e  l ik e  C e n tu ry  P a tn a  231 o r  it m a y  h av e  b e en  m o d e r a te  to  low.. 
T he o c c u r r e n c e  of su ch  s e g r e g a t e s  w ith  e x tre m e ly  h igh  iod ine  v a lu e s ,  
p ro b a b ly  due  to h igh  g e la t in iz a t io n  t e m p e r a t u r e s ,  f r o m  a  c r o s s  be tw een  
tw o p a r e n t s  w hich  d id  no t p o s s e s s  th is  c h a r a c t e r i s t i c  in d ic a te s  th a t  th e s e  
s e g r e g a t e s  w e re  p ro b a b ly  due  to som e  type o f gene  in te r a c t io n .
T h u s ,  th e  b e h av io ttr  o f  iodine v a lu e  w as  in s e v e r a l  w ays p e c u l ia r .  
P r e s e n c e  o f  p a r t i a l  d o m in a n c e  fo r  low  iod ine  va lue  a s  in d ic a te d  in the  
F}  a n d  F £  g e n e r a t io n s  an d  an  e s s e n t i a l l y  b im o d a l  f r e q u e n c y  d is t r ib u t io n  
c u rv e  in  F 2  in d ic a te d  th a t  iod ine  v a lu e  b e h av e d  a s  a  s im p ly  in h e r i te d  
q u a l i ta t iv e  c h a r a c t e r .  An a d d it io n a l  e v id e n ce  w as  th e  o c c u r r e n c e  o f  
a p p r o x im a te ly  3 /4  of the  F £  p la n ts  w ith in  the  r a n g e  o f  the  T e x a s  P a tn a  
p a re n t  and  F j  and  1 /4  in  the  r a n g e  of the  T o ro  p a r e n t .  H o w e v e r ,  iod ine
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va lue  a ls o  p o s s e s s e d  f e a tu r e s  c h a r a c t e r i s t i c  of q u a n ti ta t iv e  t r a i t s *  The 
e x p r e s s io n  of iod ine  v a lu e  w as  su b je c t  to c o n s id e r a b le  e n v iro n m e n ta l  i n ­
f lu en c e  l ik e  any  o th e r  c h a r a c t e r  q u a n t i ta t iv e  in  n a tu r e .  T h e r e  w as  a  
con tinuous v a r i a t io n  in the  F 2  p o p u la t io n .  The p r e s e n c e  of s e g r e g a t e s  
in  the  F ^  p o p u la t io n  w ith io d in e  v a lu e s  h ig h e r  than  the  h ig h e r  iod ine  
p a r e n t  in d ic a te d  t r a n s g r e s s i v e  s e g r e g a t io n ,  a  con d it io n  o b s e r v e d  o n ly  
in  the  s tudy  of a q u a n ti ta t iv e  c h a r a c t e r .
T h e s e  l in e s  of e v id e n c e ,  th e r e f o re ,  in d ic a te d  th a t  iodine va lue  
b e h a v e d  n e i th e r  a s  a ty p ic a l  q u a l i ta t iv e  c h a r a c t e r  n o r  a s  a ty p ic a l  
q u a n t i ta t iv e  t r a i t  bu t r e s e m b l e d  m o r e  a q u a l i ta t iv e  c h a r a c t e r  than  a 
q u a n t i ta t iv e  o n e .
S e v e n ty - th r e e  F j  l in e s  and  the p a r e n t s  w e re  t e s te d  fo r  iod in e  
va lue  in 1958. In e a c h  o f  th e s e  F ^  l in e s  an d  the  p a r e n t s  te n  p la n ts  
w e r e  h a r v e s t e d  in d iv id u a l ly  fo r  th e  iod ine  t e s t .  T he f r e q u e n c y  d i s t r i ­
b u t io n s  of p la n t s  for iod ine  v a lu e  in bo th  p a r e n t s  and  in F 3  l in e s  a r e  
g iven  in T a b le  11. T he  m e a n  v a lu e s  fo r  the  l in e s  a r e  a l s o  in c lu d ed  a lo ng  
w ith  th e  r e s p e c t iv e  v a lu e s  of t h e i r  p la n ts  f r o m  w hich  th e s e  l in e s  w e re  
d e r iv e d .  T he l in e s  a r e  a r r a n g e d  in  in c r e a s in g  o r d e r  of t h e i r  m e a n  
v a lu e s  and  to f a c i l i t a te  e a s y  r e f e r e n c e  they  a r e  n u m b e re d  s e r i a l l y  f ro m  
1 to 73.
T he  io d in e  v a lu e s  fo r  the  p la n t s  be long ing  to  th e  T e x a s  P a tn a  p a r e n t  
r a n g e d  f r o m  14% to 17% with a  m e a n  of 16. 1%* T h e s e  v a lu e s  w e re  e s ­
s e n t ia l ly  s i m i l a r  to the  v a lu e s  o b ta in e d  in  1957 fo r  T e x a s  P a tn a  and in d i ­
c a te d  th a t  e a r l y  sow ing in  1958 had  p r a c t i c a l l y  no in f lu e n ce  on the
Table I I . Frequency distribution o f  plants in iodine value classes for the parents and 73 F- lin es  of a cross between Toro and Texas Patna,
f3 f2
Number of Plants in Iodine Value Classes________ Mean Plant Group
Line No. 11-1? 16-20 21-25 26-30 M O 4 H 5 A&-50 51-55 5^-60 61-6J 66-70 71-75 76-80 81-85 £6-90 91-95 Value Value No,
Texas Patna 2 8 16,1 15.6
Toro 2 8 67.1 56.3
1 5 5 15.4 8 I
2 1 9 1S.1 15 I
3 7 3 18.9 18 11
4 19.0 14 II
5 7 3 19.1 13 II
6 4 2 2 2 19.8 16 III
7 2 3 3 2 20.0 20 III
8 5 3 2 21.0 12 III
9 3 4 2 l 25.8 11
10 2 4 2 25.9 25 III
11 2 1 4 1 1 1 27.2 22 IV
12 2 6 2 27.7 19 IV
13 1 4 1 2 31.0 20 IV
U 1 1 5 1 1 1 32,3 24 IV
15 1 4 1 2 l 1 32.6 24 IV
16 2 4 2 1 1 32.8 26 IV
17 5 1 1 2 1 33.7 20 IV
18 2 5 1 l 1 34.7 15 IV
19 2 3 1 1 1 1 1 35.0 22 IV
20 1 3 2 1 2 1 36.9 29 IV
21 1 3 3 1 1 1 37.9 26 IV
22 3 2 1 1 2 l 39.6 27 IV
23 3 1 2 1 1 2 40.1 30 IV
24 1 2 2 2 3 44.1 22 IV














































L-55 56-6C 61-65 6^-70 71-75 76-81 81-85 86-90 91-95 Value Value No,
1 1 2 49.5 33 IV
2 1 1 1 1 52.1 34 IV
1 6 1 55.8 42 V
1 3 56.4 31 IV
2 2 56.4 28 IV
4 4 2 57,1 43 V
2 7 1 57.5 47 V
5 1 4 57.6 45 V
1 5 3 57.7 43 V
9 1 58.5 46 VI
1 4 3 2 6C.4 38 V
4 5 1 61.2 43 V
4 4 2 61.6 46 V
4 5 1 61.8 38 V
4 4 2 61.9 51 V
0
J 3 4 62.1 65 V
4 2 2 63.6 54 V
2 5 3 63.8 5C V
3 3 4 63.9 43 V
1 6 3 64.5 60 VII
5 4 1 65.7 65 VII
3 7 66.2 49 VII
1 3 5 1 66.4 53 VII
4 S 1 66.8 48 VII
3 6 1 67.1 68 VII
1 1 5 3 67.6 57 mi
1 8 1 68.2 55
1 2 1 O 2 1 1 68.7 67 VIII




Number of Plants in Iodine Value Classes Mean Plant Group
Line No. 11-15 16-20 21*25 26-30 31-35 36-40 41-45 46-50 51-55 56-6C 61-6$ 66-71 71-75 76-50 81-85 86-90 91-95 Value Value No.
55 1 1 1 0j 1 2 1 69.8 72 VIII
56 1 2 6 1 71.7 55
57 1 i 2 3 1 2 72.4 69 VIII
58 2 2 3 1 1 1 72.6 71 VIII
59 1 8 1 72.9 58
60 2 2 4 1 1 73.1 68 VIII
61 3' 1 3 2 1 74.8 60 VIII
62 2 1 2 1 1 2 1 75.7 61 VIII
63 i  l ! 1 1 2 4 76.7 64 VIII
64 l 3 2 3 1 77.1 72 n n
65 i 1 1 2 2 3 79.6 67 VIII
66 i 4 3 2 80.3 63 v i n
67 2 3 1 2 2 81.9 66 n n
68 2 5 1 2 82,1 54 n n
69 1 3 2 2 2 82.9 56 n n
70 2 4 2 2 84.3 59 n n
71 1 2 7 85.8 78 n
72
i
1 9 87.5 76 IX
73 Q 1 88.6 77 i x
ViJO
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e x p r e s s io n  of iodine v a lu e  in th is  low  io d ine  p a r e n t .
The b e h a v io u r  of T o ro  p a re n t  in  1958 w a s ,  h o w e v e r ,  so m e w h a t  
d i f f e r e n t  f ro m  1957. T h is  p a re n t  in 1958 had  a r a n g e  f ro m  65% to 70% 
and a  m e a n  o f  67. 1 %. T h is  m e a n  v a lue  w as  h ig h e r  than  the c o r r e s p o n d -  
ing va lue  o b ta in e d  fo r  T o ro  in 1957 w hich  w as  56 .3% . F u r t h e r ,  w h e r e a s  
in 1957 th e  m a x im u m  va lue  for any  p la n t  of T o ro  w as  62%, the m a x im u m  
v a lu e  in 1958 w as 70%. T he m in im u m  iod ine  v a lu e s  w e re  50% and 65%, 
r e s p e c t iv e ly ,  in 1957 and 1958. T hus e a r ly  sow ing in 1958 r e s u l t e d  in 
an  i n c r e a s e  in the  r a n g e  a s  w e ll  a s  in the  m e a n  value  for the  h igh  iod ine  
p a re n t .
S ta r t in g  f ro m  th e  lo w e s t  m e a n  va lue  of 15.4%  a s  e x h ib i ted  by F 3  
l in e  1 , t h e r e  w as  a  g ra d u a l  an d  co n tin u o u s  i n c r e a s e  in th e  m e a n  v a lu e s  
of the l in e s  up to  the m ax im u m  va lue  o f  8 8 . 6 % e x h ib i ted  by  l in e  73. T h u s ,  
the  m ean v a lu e s  fo r  the  d i f f e r e n t  l in e s  show ed a  co n tin u o u s  r a n g e .  It 
c an  be  n o ted  f r o m  T a b le  H that so m e  of the  F 3  l in e s  r e s e m b le d  the low 
io d in e  p a r e n t ,  T e x a s  P a t n a ,  w h ile  c e r t a i n  o t h e r s  re s e m b le d  th e  h igh  
io d ine  p a r e n t ,  T o r o .  F o r  e x a m p le ,  l in e s  1 and  2 bo th  in t h e i r  m&in 
v a lu e  a n d  in the r a n g e  r e s e m b le d  T e x a s  P a tn a  w hile  l in e s  4 5 , 46 , 47 , 48, 
4 9 ,  and  50 s t ro n g ly  r e s e m b l e d  the h igh  iod ine  p a r e n t ,  T o ro .
The c o n tin u o u s  r a n g e  in  d i s t r ib u t io n  o f  the  F 3  l in e s  on th e  b a s i s  
o f t h e i r  m e a n s  s u g g e s t s  th a t  iod ine  va lue  w a s  q u a n t i ta t iv e  in  in h e r i ta n c e  
an d  th a t  the  l a r g e  p a r e n t a l  d i f f e r e n c e  w a s  p ro b a b ly  g o v e rn e d  by s e v e r a l  
p a i r s  of g e n e s .  H o w e v e r ,  d e s p i te  the c o n tin u ity  in  r a n g e  of m e a n  v a lu e s  
a m o n g  the  l i n e s ,  th e  F 3  r e s u l t s ,  l ik e  th o se  o b ta in e d  in  F j ,  d id  not
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r e s e m b l e  th o se  o f  a ty p ic a l  q u a n ti ta t iv e  t r a i t .  B a s e d  on d is t r ib u t io n  
of p la n t s  w ith in  the  l in e s  and  l in e  m e a n s ,  the  73 l in e s  cou ld  be 
s e p a r a te d  b r o a d ly  in to  th r e e  g e n e r a l  g r o u p s ,  in which a l l  l in e s  w ith in  
a  g ro up  show ed c e r t a i n  c o m m o n  c h a r a c t e r i s t i c s  w hich  w e re  no t s h a r e d  
w ith  l in e s  in  o th e r  g ro u p s .
In the f i r s t  g ro u p  the l in e s  h ad  the  lo w e s t  m ean iod ine  v a lu e s  of 
th o se  t e s t e d  (15 .4%  to 25.9% ) and c o n ta in e d  no p la n ts  with m o d e r a te ly  
h igh  o r  h igh  iod ine  v a lu e s .  N ine  l in e s  w e re  in c lu d ed  in th is  g ro u p .
T h e s e  a r e  l in e s  1 th ro u g h  10 in T ab le  II, w ith the  ex ce p tio n  o f l in e  9>
The h ig h e s t  in d iv id u a l  p lan t  va lue  fo r  any  o f th e s e  n ine l in e s  w as 34%. 
T hus  a l l  l in e s  o f th is  g rou p  w e re  r e l a t i v e ly  u n i fo rm  in  iod ine  v a lu e s  o f 
in d iv id u a l  p l a n t s .  F u r t h e r m o r e ,  th e s e  l in e s  w e re  d e r iv e d  f r o m  F£  
p la n ts  w hich  th e m s e lv e s  had  low iod ine  v a lu e s ,  r a n g in g  f ro m  8 % to 25%. 
C o n s id e r in g  the low  m e a n  v a lu e s  of th e s e  l in e s  and the f a c t  th a t  they  
w e re  u n i fo rm  fo r  low o r  m o d e r a te ly  low  iod ine  v a lu e s ,  it i s  con c lu d ed  
th a t  th e s e  l in e s  w e re  r e l a t i v e ly  h o m o zy g o u s  for low iod ine  v a lu e .
The second  g ro u p  c o n s i s t s  of l in e s  w hich  c o n ta in e d  p la n ts  vfeich 
r a n g e d  f r o m  low to  h igh  in  io d ine  v a lu e s .  In th e s e  l i n e s ,  som e of the 
p la n t s  w e re  a s  lo w  a s  th e  T e x a s  P a tn a  p a r e n t  w hile  o th e r  p la n ts  w e re  
a s  h igh  a s  T o r o .  I n te r m e d ia te  p la n ts  a ls o  o c c u r r e d .  E ig h te e n  F j  l in e s ,  
l in e s  I I  th ro u g h  30 in  T ab le  II e x c lu d in g  25 and  28 w e r e  in c lu d ed  in  the  
second  g ro u p .  T he  l in e s  o f  th i s  g ro u p  w e re  o b v io u s ly  s e g re g a t in g  w ide ly  
fo r  io d in e  v a lu e  and m a n y  of th e m  re s e m b le d  th e  F 2  p o p u la t io n .  The
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m e a n  v a lu e s  of the l in e s  in th is  g ro u p  ra n g e d  f ro m  a m o d e r a te ly  low 2 7 ,2  
fo r  l in e  11 to a  h igh  5 6 .4  fo r  l ine  30. T h e s e  l in e s  w e r e  d e r iv e d  f r o m  F 2  
p la n ts  w hich  h ad  low to in te r m e d ia t e  iod ine  v a lu e s .
L in e s  with m e a n  v a lu e s  ra n g in g  f ro m  57. 1% to 8 8 . 6 % w e re  in c lu d ed  
in the th i r d  g ro u p  and in vo lved  l in e s  31 th ro u g h  73 in T ab le  II. T h e s e  
l in e s  d id  n o t  c o n ta in  any  p lan t  w ith  low o r  even  m o d e r a te ly  low iod ine  
v a lu e s .  The lo w e s t  iod ine  v a lu e  of any  in d iv id u a l  p la n t  in th is  g ro u p  
w as  47%. Though m a n y  o f  the  l in e s  in c lu d ed  in th is  g ro up  w e re  m u c h  
m o r e  v a r ia b le  than  th e  h igh  iodine p a r e n t ,  a l l  of the p la n ts  had  h igh  iod ine  
v a lu e s .  F u r t h e r m o r e ,  th e s e  l in e s  w e re  d e r iv e d  f ro m  F 2  p la n ts  w h ich  had  
in te rm e d ia te  to h igh  iod ine  v a lu e s .  B e c a u s e  of the a b s e n c e  o f  p la n ts  with 
low  o r  in te r m e d ia t e  io d ine  v a lu e s  in th is  g ro u p  of l in e s  and  th e i r  h igh  
m e a n  v a lu e s ,  i t  w as  co n c lu d ed  th a t  t h e s e  l i n e s ,  though not e n t i r e ly  
h o m o z y g o u s ,  w e r e  n o t  s e g r e g a t in g  fo r  the  g e n e s  n e c e s s a r y  fo r  low  
iod in e  v a lu e s .
O r d in a r i l y  the  n u m b e r  of F ^  l in e s  in  e ac h  p h en o ty p ic  c l a s s  c an  be 
used  to d e te r m in e  a  r a t io  th a t  i s  u se fu l  in  the  g en e t ic  i n t e r p r e t a t i o n  of 
th e  r e s u l t s  p ro v id e d  th e  l in e s  w e re  d e r iv e d  f r o m  r a n d o m ly  c h o se n  F 2  
p la n t s .  S ince  th i s  w as  not the c a s e  in the  p r e s e n t  r e s e a r c h  a n d  a p p r o x i ­
m a te ly  th e  s a m e  n u m b e r  o f F 2  p la n t s  w as  ta k e n  f r o m  each  c l a s s  fo r  
p ro g e n y  te s t in g  in  F 3  r e g a r d l e s s  o f  t h e i r  f r e q u e n c y ,  th en  the  n u m b e r  
o f  l in e s  in  e a c h  o f  the  t h r e e  g ro u p s  d e s c r i b e d  p r e v io u s ly  h a d  no g ene tic  
s ig n i f ic a n c e .
In g e n e r a l  t h e r e f o r e ,  th e  l in e s  in  the  f i r s t  g ro u p  h ad  a l l  low  io d in e
v a lu e s  and  a p p e a re d  to be r e l a t i v e ly  h om o zy g o u s  for low iod ine  v a lu e s ;  
l in e s  in the second  g ro u p  show ed c o n s id e r a b le  v a r ia t io n  a s  a  r e s u l t  of 
s e g re g a t io n  a n d  in d ic a te d  th a t  th e y  w e re  h e te ro z y g o u s  fo r  low and  high 
io d in e ;  an d  l in e s  in  the t h i r d  g ro u p  h ad  h igh  iodine v a lu e s  l ike  the h igh  
iodine p a r e n t  Toro*
T h u s ,  the r e s u l t s  o b ta in e d  f ro m  th e  F 3  d a ta  su p p o r te d  the  genera l 
c o n c lu s io n  r e a c h e d  f r o m  the F 2  d a ta  th a t  the p a r e n t s  d i f f e r e d  by one  
m a j o r  p a i r  of g e n e s .
A lthough th e i r  g e n e r a l  b e h a v io u r  e n ab led  the g roup ing  of th e s e  
l in e s  in to  t h r e e  b ro a d  c l a s s e s ,  d i f f e r e n c e s  am o n g  th e  l in e s  in c lu d ed  in 
th e  sa m e  g ro u p  w e re  o b v io u s  in m an y  in s t a n c e s .  F o r  e x a m p le ,  l in e s  1 
and 2 in c lu d ed  in the f i r s t  g ro u p  had  low iodine v a lu e s  s i m i l a r  to o th e r  
l in e s  th a t  w e re  in c lu d ed  in the s a m e  g ro u p  a n d  ye t in the f req u en cy  d i s ­
t r ib u t io n  of p la n ts  th ey  show ed a  d i s t in c t  d i f f e re n c e  f ro m  o th e r  l in e s  in 
th is  g ro u p .  S im i la r ly ,  though a l l  l in e s  in c lu d ed  in  the secon d  g ro u p  
show ed s e g r e g a t io n ,  th e  m o d e  of s e g re g a t io n  w as d i f f e r e n t  in d i f f e re n t  
l i n e s .  D i f f e re n c e s  b e tw ee n  l in e s  w e re  a ls o  o b s e r v e d  in the th i r d  g ro up  
a s  i s  ev iden t f ro m  c o m p a r in g  l in e s  31 and  60. In f a c t ,  c o n s id e r a b le  
v a r ia t io n  w as o b s e r v e d  am on g  th e  l in e s  in c lu d ed  in th i s  th i r d  g ro u p . 
T h e s e  d i f fe re n c e s  am ong  l in e s  w ith in  the  sam e  g ro u p  a p p e a re d  to  i n d i ­
c a te  th a t  th e  r e s u l t s  in  F ^  co u ld  no t be  fu l ly  e x p la in e d  on  th e  b a s i s  of 
one  p a i r  o f  g e n e s .
H o w e v e r ,  th e s e  r e s u l t s  c a n  be  e x p la in e d  a d e q u a te ly  by  a s s u m in g  
th a t  the p a r e n t s  a l s o  d i f f e r e d  in  s e v e r a l  p a i r s  of g e n e s  hav in g  a  m in o r
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o r  m od ify ing  e ffe c t  on the e x p r e s s io n  of iod ine  v a lu e .  T h u s ,  l in e s  w hich  
w e re  h o m o zy g o u s  fo r  the m a j o r  gene f ro m  T e x a s  P a tn a  fo r  low iodine 
m ig h t  d i f fe r  a p p r e c ia b ly  f ro m  one a n o th e r  and  f r o m  T e x a s  P a tn a  due to 
the  p r e s e n c e  of v a ry in g  n u m b e r s  o f  th e s e  m in o r  g e n e s  fo r  h igh  iod ine  
f r o m  T o ro .  U n d e r  th is  a s s u m p t io n  the  v e ry  low  m e a n  iod ine  value  of 
T e x a s  P a tn a  i s  due to the p r e s e n c e  of a m a jo r  gene fo r  low iod ine  c o m ­
b in ed  w ith  s e v e r a l  m in o r  g e n e s  a ls o  tend ing  to p ro d u c e  low iod ine  
t r a n s m i s s i o n ,  w hile  the v e ry  h igh  iodine f ig u re  of T o ro  i s  caused  by  a  
m a jo r  g en e  fo r  h igh  iodine in c o m b in a t io n  w ith  m in o r  g e n e s  w hich a ls o  
tend  to p ro d u c e  high io d in e .  If th i s  a s s u m p t io n  is  c o r r e c t ,  i t  a p p e a r s  
that l in e s  hom o zy gou s  fo r  the m a jo r  g ene  fo r  iod ine  va lue  f ro m  T e x a s  
P a tn a  may v a r y  in m ean v a lu e s  f r o m  a p p ro x im a te ly  15 to 26. Some of 
th e s e  l in e s  would p ro b a b ly  h a v e  the s a m e  cooking  c h a r a c t e r i s t i c s  a s  
T e x a s  P a tn a  but so m e  of the  h ig h e r  o n e s  m a y  n o t .
On the  a s s u m p t io n  th a t  the  T e x a s  P a tn a  and  T o ro  p a r e n t s  d i f f e r e d  
by s e v e r a l  m in o r  g e n es  a ffec ting  iodine va lue  a s  w e ll  a s  on e  m a jo r  p a i r ,  
it shou ld  b e  p o s s ib le  to r e c o g n iz e  m o r e  th an  the t h r e e  g e n e r a l  c l a s s e s  of 
F 3  l in e s  d e s c r ib e d  e a r l i e r .  In fa c t ,  on the  b a s i s  of m e a n  v a lu e s  and the 
f r e q u e n c y  d i s t r ib u t io n  of p la n ts  w ith in  l i n e s ,  th e  73 F ^  l in e s  cou ld  be 
d iv id e d  in to  9 p h eno ty p ic  g ro u p s .  T he l in e s  in  th e s e  g r o u p s  a r e  id e n t i f ie d  
w ith  R o m an  n u m e r a l s  a t  r ig h t  s id e  of T ab le  II.
G rou p  I: L in e s  1 and 2 w e re  in c lu d e d  in th is  g ro u p .  T h e se  l in e s  
h ad  a s  low  iod in e  v a lu e s  a s  the low  io d ine  p a r e n t ,  T e x a s  P a tn a  and  in
36
th e  d i s t r ib u t io n  of p la n ts  th e y  a ls o  r e s e m b le d  th is  p a r e n t .  It w as c o n ­
c lu d e d ,  t h e r e f o r e ,  th a t  th e s e  l in e s  w e re  hom o zy g o u s  for the  m a jo r  gene 
a s  w e ll  a s  m in o r  g e n e s  p r e s e n t  in T e x a s  P a tn a ,  T h ese  l in e s  a p p e a r  to 
r e p r e s e n t  r e c o v e r y  of th e  T e x a s  P a tn a  genotype for iod ine  va lue  in 
r e s p e c t  to bo th  the  m a j o r  an d  m in o r  g e n e s .
G ro u p  II: T h r e e  l in e s  { lines 3, 4 and  5) w e re  in c lu d ed  in th is  
g ro u p .  T h e i r  m e a n  v a lu e s ,  though low , w e re  s l ig h t ly  bu t s ig n if ic a n t ly  
h ig h e r  th an  the  m ean  v a lu e s  of the  l in e s  be long ing  to the  f i r s t  g ro u p . In 
the n a tu r e  o f  d i s t r ib u t io n  a ls o  th e s e  l in e s  d i f f e r e d  f ro m  l in e s  1 an d  2 . 
H o w e v e r ,  the t h r e e  l in e s  of th is  g ro u p  w e re  a s  u n ifo rm  a s  the  T ex a s  
P a tn a  p a r e n t  and h e n c e  w e re  c o n c lu d ed  to be  h o m o z y g o u s .  T h e s e  l in e s  
w e r e ,  t h e r e f o r e ,  c o n s id e r e d  to be hom o zy g o u s  and  id e n t ic a l  w ith T e x a s  
P a tn a  in th e  m a j o r  gene  but w e re  a s s u m e d  to p o s s e s s  one o r  m o r e  m in o r  
g e n e s  fo r  s l ig h t ly  h ig h e r  iod ine  va lue  f r o m  T o r o .
G rou p  III: L in e s  6  to 10, with the  e x c e p tio n  o f  l ine  9 , be lon ged  to 
th is  g ro u p .  T h e s e  l in e s  had  r e l a t i v e ly  I o . y  m e a n  v a lu e s  ra n g in g  f ro m  
19*8 to 2 5 .9 .  T h e i r  f requency  d i s t r ib u t io n  in d ic a te d  th a t  th e s e  l in e s  
w e r e  s l ig h t ly  m o r e  v a r i a b le  g e n e t ic a l ly  th an  l in e s  be long ing  to g ro u p s  I 
and  II an d  d id  not a p p e a r  to b e  c o m p le te ly  h o m o z y g o u s .  C o n s id e r in g  
t h e i r  low  m e a n  v a lu e s  and  the r e l a t i v e ly  n a r r o w  ra n g e  p o s s e s s e d  by  
th e s e  l i n e s ,  i t  w as  c o n c lu d e d  th a t  th ey  w e re  h o m o zy g o u s  fo r  the  m a jo r  
gene  f o r  low  iod ine  v a lu e  but w e re  h e te ro z y g o u s  fo r  m in o r  g e n e s .  As a  
r e s u l t  of the s e g r e g a t io n  fo r  the  m in o r  g e n e s  th e s e  l in e s  p o s s e s s e d  a  
g r e a t e r  r a n g e  th an  T e x a s  P a tn a .  T h us  g ro u p s  I ,  II and  III w e re  a s s u m e d
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to b e  id e n t ic a l  in r e s p e c t  to  the m a jo r  gene bu t to d i f fe r  in m in o r  g e n e s .
G ro u p  IV: L in e s  w ith m o d e r a te ly  low  to m o d e r a te ly  h igh  iod in e  
v a lu e s  (2 7 .2  to 5 6 .4 )  w e re  in c lu d e d  in th is  g ro u p .  T h is  g roup  c o n s i s te d  
o f e ig h te e n  l in e s  ( l in e s  11 to 30, exc lu d in g  25 and 28). A ll  l in e s  in 
g ro u p  IV s e g r e g a te d  fo r  low  an d  h igh  iod in e  v a lu e s .  In c e r t a i n  l in e s  
l ik e  1 2  and  13 s e g r e g a t io n  w as  c o m p a r a t iv e ly  s h a r p  w hile  in so m e  o th e r s  
l ik e  l in e s  26 and 30 the r a n g e  w as c o n tin u o u s .  T h e s e  l in e s  ex h ib i ted  
m a x im u m  v a r i a b i l i ty .  C o n s id e r in g  th e i r  i n te r m e d ia te  m e a n  v a lu e s ,  
o c c u r r e n c e  o f  s e g r e g a t io n  in th e s e  l in e s  and c o n se q u e n t ly  the  v a r i a b i l i ty  
p o s s e s s e d  by th e s e  l in e s  it  w as  co n c lu d ed  th a t  th e s e  l in e s  w e re  h e t e r o ­
zyg ous  f o r  the  m a jo r  gene p a i r  d e r iv e d  f r o m  the two p a r e n t s .  Som e of 
the  l in e s  a l s o  w e re  p ro b a b ly  h e te ro z y g o u s  fo r  m in o r  g e n e s .
G ro u p  V: F o u r te e n  l in e s  w e re  in c lu d ed  in th is  g ro u p . T h e i r  m e a n  
v a lu e s  (5 5 .8  to  6 3 .9 )  w e r e  c lo s e  to  but s l ig h t ly  be low  the m e a n  va lue  of 
the  h igh  iod ine  p a r e n t .  T h e s e  l in e s  a ls o  had a  r e l a t i v e ly  n a r r o w  r a n g e  
but so m e w h a t  g r e a t e r  th a n  the p a r e n t s .  On the  b a s i s  of t h e i r  m e a n  
v a lu e s  a n d  t h e i r  r a n g e  i t  w as  c o n c lu d e d  th a t  th e s e  l in e s  w e re  h o m o z y ­
gous for th e  m a jo r  gene  fo r  h igh  iod ine  va lue  but w e re  s e g re g a t in g  fo r  
one or m o r e  of the  m in o r  g e n e s .  T he  p r e s e n c e  of m in o r  g e n e s  f r o m  
T e x a s  P a tn a  fo r  low  iod ine  va lu e  w ould  acc o u n t  fo r  the  so m e w h a t  lo w e r  
m e a n s  th an  found fo r  T o ro .
G ro u p  VI: T h is  g ro u p  a s n  r e p r e s e n t e d  by  a  s in g le  l in e  (35). I ts  
m e a n  v a lu e  58. 5 w a s  c lo s e  to the  m e a n  va lue  of T o r o .  L ike  T o ro  th is  
l in e  o c c u p ie d  a  s m a l l  r a n g e  b u t d i f f e re d  f ro m  th is  p a r e n t  in  th e  c l a s s e s
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o c c u p ie d  by th e i r  p la n t s .  P la n t s  be long ing  to T o ro  o c c u p ie d  c l a s s e s  of 
61 to 70 w hile  th is  l in e  o c c u p ie d  c l a s s e s  56 to 65 . It w as  co n c lu d ed  th a t  
l in e  35 w as not on ly  h o m o zy g o u s  fo r  th e  m a j o r  gene  for h igh  iod ine  value  
b u t  a ls o  h o m o zy g o u s  fo r  the  m in o r  g e n e s .  T he s l ig h t ly  lo w e r  m e a n  for 
l in e  35 th an  fo r  T o ro  is  p ro b a b ly  due to th e  p r e s e n c e  o f  one o r  m o r e  m in o r  
g e n e s  f r o m  T e x a s  P a tn a .
G roup  VII: S ix  l in e s  { lines 45 to 50) w e re  in c lu d ed  in  th is  g ro u p .
T h e  m e a n  v a lu e s  of th e s e  l in e s  (6 4 .5  to 67. 1) w e re  e i th e r  v e r y  c lo s e  to 
o r  id e n t ic a l  w ith  the  m e a n  va lue  of T o ro .  A lm o s t  a l l  p la n ts  in c lu d ed  in 
each  l in e  o c c u p ie d  the f re q u e n c y  c l a s s e s  s i m i l a r  to T o ro .  T hus both  in  
t h e i r  m e a n  va lue  and in t h e i r  r a n g e  th e s e  l in e s  r e s e m b le d  v e r y  c lo s e ly  
the  h igh  io d in e  p a r e n t ,  T o r o .  It w a s ,  th e re fo re #  co n c lu d ed  th a t  th e s e  
l in e s  w e re  p ro b a b ly  s i m i l a r  in g e n e t ic  c o n s t i tu t io n  to T o ro  in be ing  h o m o ­
zygous fo r  the  m a j o r  gene fo r  h igh  iod ine  v a lu e  a s  w ell  a s  m in o r  g e n es  
p r e s e n t  in T o ro .  T hey  a r e  p ro b a b ly  the  r e c o v e r i e s  of the  geno type  of 
T o ro  p a r e n t  f o r  io d ine  v a lu e .
G ro u p  VIII: In th is  g ro u p  w e r e  in c lu d ed  s e v e n te e n  l in e s  (51 to 70 
e x c lu d in g  l in e s  52, 56 an d  59) w h ich  h ad  m e a n  v a lu e s  h ig h e r  th an  the  h igh  
io d in e  p a r e n t  and  in w hich  the r a n g e  in iod ine  v a lu e s  w as f ro m  h ig h  to 
e x t r e m e ly  h ig h .  No p lan t  w ith  a  low  iod ine  v a lu e  w as  o b ta in e d  in  an y  of 
t h e s e  l in e s .  I t  w as  co n c lu d ed  th a t  th e s e  l in e s  w e r e  h o m o zy g o u s  for the  
m a j o r  g ene  fo r  h igh  iod ine  value f ro m  T o ro  but w e re  s e g r e g a t in g  fo r  o th e r  
g e n e s  w h ich  le d  to e x t r e m e ly  h igh  iod in e  v a lu e s ,  c o n s id e r a b ly  above  th a t  
o f T o r o .  T h e s e  e x c e p t io n a l ly  h ig h  iod ine  p la n t s  a p p e a re d  to be  th e  r e s u l t
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of so m e  f o r m  o f  gene i n t e r a c t io n  a p p a r e n t ly  invo lv ing  o th e r  g e n e s  th an  
th e  m a j o r  p a i r  o r  m o d i f i e r s  found in  th e  p r e v io u s  l i n e s .  T h e s e  p la n t s  
p r o b a b ly  w e r e  the  r e s u l t  of the s a m e  c o n d it io n  th a t  le d  to the  e x t r e m e ly  
h ig h  iod in e  p la n t s  found in F 2 «
G ro u p  IX: T h e s e  l in e s  h a d  e x t r e m e l y  h ig h  iod ine  v a lu e s  a n d  a p ­
p e a r e d  to  b e  h o m o z y g o u s .  T he  r e a c t io n  o f  t h e i r  s t a r c h  so lu t io n  w ith 
io d in e  in d ic a te d  th a t  th e s e  l in e s  p r o b a b ly  had  a  h ig h  g e la t in iz a t io n  
t e m p e r a t u r e i  to o ,  and  th a t  th ey  w e r e  h o m o z y g o u s  fo r  the  g e n e s  th a t  led  
to h igh  g e la t in iz a t io n  t e m p e r a t u r e .  On the b a s i s  o f the  e x t r e m e l y  h ig h  
io d ine  v a lu e s  p o s s e s s e d  by th e s e  l in e s  and the  fa c t  th a t  t h e s e  l in e s  
d i f f e r e d  f r o m  th e  r e s t  in th e  r e a c t io n  of t h e i r  s t a r c h  so lu t io n  w ith  
io d in e  i t  w a s  c o n c lu d e d  th a t  t h e s e  l in e s  b e lo n g e d  to a  s e p a r a t e  g ro u p .
It w as  not p o s s ib l e  to be  c e r t a i n  of t h e i r  g e n o ty p e  fo r  th e  m a j o r  and  
m in o r  g e n e s  fo r io d in e  v a lu e  due to the  c o m p l ic a t in g  in f lu e n c e  of h ig h  
g e la t in iz a t io n  t e m p e r a t u r e .
In s u m m a r i z i n g  it c a n  be  s a id  th a t  l i n e s  b e lo n g in g  to  g ro u p s  I 
th ro u g h  III w e r e  a l l  h o m o zy g o u s  fo r  the  m a j o r  g ene  fo r  low  io d ine  va lue  
a n d  th a t  d i f f e r e n c e s  b e tw e e n  l i n e s  b e lo n g in g  to  d i f f e r e n t  g ro u p s  w e r e  due 
to  th e  m in o r  g e n e s ;  l i n e s  in g ro u p  IV w e r e  a l l  h e te r o z y g o u s  fo r  th e  m a jo r  
g en e  a s  w e l l  a s  m in o r  g e n e s  o b ta in e d  f r o m  b o th  p a r e n t s ;  an d  l i n e s  i n ­
c lu d e d  in  g ro u p s  V th ro u g h  VIII w e r e  h o m o z y g o u s  f o r  th e  m a j o r  gene  fo r  
h ig h  io d in e  v a lu e  and  d i f f e re n c e s  b e tw e e n  l in e s  b e lo n g in g  to  th e s e  g ro u p s  
w e r e  due to  m in o r  g e n e s .  It i s  s ig n i f ic a n t  to  n o te  in  th i s  c o n n e c t io n  th a t  
n o n e  o f  th e  l in e s  in c lu d e d  in  the  f i r s t  t h r e e  g r o u p s  p r o d u c e d  a  s in g le  p la n t
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w ith  a  h igh  iod ine  value  and f u r t h e r m o r e  no t  a  s in g le  l in e  in c lu d ed  in  the 
l a s t  fo u r  g ro u p s  p ro d u c e d  a p lan t w ith  a  low  iod in e  v a lu e .
T hus the  F 3  d a ta  a p p e a r e d  to c o n f i rm  the  t e n ta t iv e  c o n c lu s io n  
r e a c h e d  f r o m  F 2  th a t  the  d i f f e r e n c e  b e tw een  T e x a s  P a tn a  and T o ro  in 
iod ine  va lue  i s  g o v e rn e d  by one  p a i r  of m a j o r  g e n es  and  an  u n d e te rm in e d  
n u m b e r  of m o d i f i e r s .
A b se n c e  of t r a n s g r e s s i v e  s e g r e g a t e s  for low  iod ine  v a lu e  in d ic a te d  
th a t  p ro b a b ly  T o ro  d id  n o t p o s s e s s  m in o r  g e n es  for low io d ine  v a lu e .
In a d d it io n ,  the  F ^  d a ta  in d ic a te d  th a t  the p a r e n t s  c o n ta in e d  g e n es  of a  
c o m p le m e n ta r y  n a tu r e  w h ich , w hen c o m b in e d ,  led  to a  h ig h e r  g e la t in ­
iz a t io n  t e m p e r a t u r e  than  e i th e r  p a r e n t .
In the  d i s c u s s io n  o f  F 2  b e h a v io u r  i t  w as  s u g g e s te d  th a t  p la n ts  with 
h igh  g e la t in iz a t io n  t e m p e r a t u r e  p ro b a b ly  had  low  a m y lo s e  c o n te n t .  E v i ­
d e n c e  in  s u p p o r t  of th i s  w as  a v a i la b le  f r o m  the F 3  d a ta .  T h e re  w e r e  19 
F 3  l in e s  w hich  c o n ta in e d  one  o r  m o r e  p la n ts  w ith  h igh  g e la t in iz a t io n  
t e m p e r a tu r  e .  None of th e s e  19 l in e s  c o n ta in e d  a  s in g le  p la n t  w ith  low 
iod ine  v a lu e .  S in ce  it  i s  know n th a t  p la n ts  w ith  h igh  iod ine  v a lu e s  h ad  
g e n e r a l l y  low  a m y lo s e  c o n te n t ,  i t  i s  o b v io u s  th a t  t h e s e  p la n ts  o r  l in e s  
too h a d  low  a m y lo s e  c o n te n t .
In a  b r e e d in g  p r o g r a m m e  th a t  u t i l i z e s  th e  iod ine  t e s t  fo r  the  e s t i ­
m a t io n  of a m y lo s e  c o n te n t ,  i t  i s  n a tu r a l  th a t  l i n e s  w hich  h a d  io d ine  v a lu e s  
a s  low  a s  T e x a s  P a tn a  w ould b e  m o s t  d e s i r a b l e .  In the  p r e s e n t  s tu dy  
o n ly  two l in e s  th a t  d e f in i te ly  r e s e m b le d  the low  io d in e  p a r e n t  w e r e  o b ­
ta in e d .  The o c c u r r e n c e  of o n ly  two l in e s  th a t  co u ld  b e  c o n s id e r e d  a s
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r e c o v e r i e s  of the geno type  of the low iod ine  p a re n t  s u g g e s te d  th a t  h o m o ­
z y g o s i ty  fo r  the m a j o r  gene  fo r  low io d ine  va lue  a lone  would not be s u f f i ­
c ie n t  to o b ta in  l in e s  with low iod ine  v a lu e s  a s  low  a s  T e x a s  P a tn a .  W hat 
i s  f u r t h e r  n e e d e d  is  the p r e s e n c e  of s e v e r a l  m in o r  g e n e s  in a h o m o zy g o u s  
co n d it io n .  Thus* for any  v a r i e ty  to p o s s e s s  a good cooking  q u a l i ty  
s i m i l a r  to T e x a s  P a tn a  i t  shou ld  p o s s e s s  th e  m a jo r  gene  fo r  low  iod ine  
v a lu e  a s  w e ll  a s  the  s e v e r a l  m o d i f i e r s  in a h o m o zy g o u s  c o n d it io n .  The 
m in o r  g e n es  o r  m o d i f i e r s  have  th e r e f o r e  c o n s id e ra b le  in f lu e n ce  on th e  
e x p r e s s io n  of io d in e  v a lu e .  F o r tu n a te ly ,  the fa c t  th a t  a t  l e a s t  a  few  of 
the  l in e s  r e s e m b le d  the  low  io d ine  p a r e n t ,  in d ic a te d  th a t  the  n u m b e r  
of su ch  m in o r  g e n e s  i s  no t g r e a t .
In any  b re e d in g  p r o g r a m m e  fo r  low iodine v a lu e  it i s  th e r e f o r e  
n e c e s s a r y  fo r  the  b r e e d e r  to g ro w  a l a r g e  p o p u la t io n  of the  e a r l y  s e g r e ­
g a tin g  m a te r i a l  to p e r m i t  h im  to  s e le c t  such  p la n t s  w hich  would be h o m o ­
zygous f o r  the  m a jo r  gene  a s  w ell a s  fo r  s e v e r a l  of the  m in o r  g e n e s .  
O th e rw is e ,  h i s  c h a n c e s  of o b ta in in g  l in e s  w ith  low  o r  v e ry  low iod ine  
va lu e e  a r e  v e r y  low .
U n d e r  c e r t a i n  co n d it io n s  th e  s e g r e g a t e s  with h igh  g e la t in iz a t io n  
t e m p e r a t u r e  c o u ld  c o m p l ic a te  a  b re e d in g  p r o g r a m m e .  H ad no s e le c t io n  
fo r  iod ine  v a lu e  b e e n  p r a c t i c e d  in the  e a r l y  s e g re g a t in g  g e n e r a t io n s ,  
th e s e  p la n t s  w ould  h av e  b e e n  included by  c h a n c e  in  h i s  s e l e c te d  m a t e r i a l .
In th i s  w ay  i t  would be  p o s s ib le  to r e l e a s e  a s  a  new  v a r i e ty  a  s t r a in  
hav ing  a  h igh  g e la t in iz a t io n  t e m p e r a t u r e  an d  h e n c e  an  u n d e s i r a b le  co ok ing  
q u a li ty .  C e n tu ry  P a tn a  231 m ig h t  r e p r e s e n t  an  e x a m p le  o f  th i s  ty p e .
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Soon a f t e r  i t s  r e l e a s e  it  w as  o b s e r v e d  th a t  th is  v a r ie ty  did not p o s s e s s  
d e s i r a b l e  cook ing  q u a li ty  and  a s  a  r e s u l t ,  th is  v a r i e ty  h a s  n e v e r  b e en  
g row n  s in c e  then  on a  l a r g e  s c a le .  U n d e r  th e s e  c i r c u m s ta n c e s  it is  
e s s e n t i a l  fo r  the  b r e e d e r  to e l im in a te  a s  m a n y  p la n ts  a s  p o s s ib le  on the  
b a s i s  of iod ine  t e s t  and r e t a in  on ly  th o se  which p o s s e s s e d  low o r  
m o d e r a te ly  low io d in e  v a lu e s .  O nly  by p ra c t ic in g  s e le c t io n  on th e  b a s is  
o f  io d in e  t e s t  w ould  the b r e e d e r  be ab le  to av o id  any  su c h  c o m p l ic a t io n .
H e r i t a b i l i ty  is  th a t  p o r t io n  of the to ta l  v a r ia n c e  th a t  i s  due to 
g e n e t ic  e ffec ts*  The va lue  o f  h e r i t a b i l i t y  in d ic a te s  how m u c h  r e l i a n c e  
co u ld  be  p la c e d  on the  s e le c t io n  of the geno type  b a s e d  on th e  phen o typ ic  
e x p r e s s io n .  The h ig h e r  th e  h e r i t a b i l i t y  value  fo r  any  t r a i t  th e  m o r e  
e f fe c t iv e  w ould  be the s e le c t io n  fo r  any  geno type  of tha t  t r a i t  b a s e d  on 
i t s  p h e n o ty p ic  e x p r e s s io n .  G e n e r a l ly ,  q u a n ti ta t iv e  c h a r a c t e r s  p o s s e s s  
low  to  m o d e r a te ly  h igh  h e r i t a b i l i t y  v a lu e s ,  w hile  h igh  h e r i t a b i l i t y  v a lu e s  
a r e  c h a r a c t e r i s t i c  o f q u a l i ta t iv e  t r a i t s .  S ince  th is  v a lu e  g iv e s  an  in d ic a ­
tion  of the  e f f e c t iv e n e s s  w ith  w hich s e le c t io n  of g e n o ty p e s  c a n  be  b a s e d  
on the  p h eno typ ic  e x p r e s s io n ,  in fo rm a t io n  re g a rd in g  h e r i t a b i l i t y  i s  i m ­
p o r t a n t  in  m o s t  o f  the  b re e d in g  p r o g r a m m e s .  In the p r e s e n t  s tudy  f r o m  
th e  F% d a ta  th e  h e r i t a b i l i t y  w as  c a lc u la te d  by u s in g  th e  fo llow ing  fo rm u la :
H e r i t a b i l i ty  :  g 2 + g 2
G £
w h e re
2
S g  - m e * n s q u a r e  o f  v a r i a n c e  due  to g e n e t ic  c a u s e s
y
S £  ■  m e a n  s q u a r e  o f  v a r i a n c e  due to e n v iro n m e n t
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E n v iro n m e n ta l  v a r i a n c e  w as o b ta in ed  by  a v e ra g in g  the v a r i a n c e s  of 
bo th  p a r e n t s .  A  m e a s u r e  of g e n e t ic  v a r i a n c e  w as  o b ta in ed  by s u b tra c t in g  
th e  e n v iro n m e n ta l  v a r i a n c e  f r o m  th e  to ta l  v a r i a n c e  in F 2 .
A  v a lu e  of .9 7 ,  o r  97 p e r  c e n t  when e x p r e s s e d  in p e r c e n t a g e ,  w as  
o b ta in e d  f r o m  the  F 2  d a ta .  T h is  w as  a  v e ry  h igh  va lue  and su g g e s te d  
th a t  m o s t  of th e  v a r i a t io n  o c c u r r in g  in  th e  F 2  p o p u la t io n  w a s  genetic and 
th a t  in d iv id u a l  p la n t  s e le c t io n  fo r  iod ine  v a lu e  shou ld  be e f f e c t iv e .  T h is  
h igh  v a lu e  f u r th e r  in d ic a te d  th a t  iodine va lue  b e h av e d  m o r e  l ik e  a  q u a l i ­
ta t iv e  t r a i t  than  a s  a q u a n t i ta t iv e  o n e .
S ince  in F 3  th e  in d iv id u a l  F 2  p la n t s  a r e  p ro g e n y  t e s t e d ,  th e  a s s o c i a ­
t io n  be tw een  F 2  p la n t  va lue  an d  the m e a n s  of the  F 3  l in e s  d e r iv e d  f ro m  
su ch  p la n t s  sh o u ld  be a  m o r e  r e l i a b l e  m e a s u r e  of h e r i t a b i l i t y  than  tha t 
o b ta in e d  in F 2 . A  s c a t t e r  d i a g r a m  o f  73 F 2  p la n ts  and  m e a n s  o f  F ^  l in e s  
d e r iv e d  f r o m  th e m  in r e s p e c t  to  iod ine  va lue  is  g iv en  in  F ig u r e  2 .
V a lu es  o f h e r i t a b i l i t y  w e re  o b ta in e d  by  (i) c a lc u la t in g  the c o r r e l a t i o n  
c o e f f ic ie n t  b e tw e e n  F 2  p la n t  v a lu e s  and  m e a n s  of F 3  l in e s  d e r iv e d  f r o m  
th e m  and (ii) c a lc u la t in g  th e  r e g r e s s i o n  o f  p ro g e n y  m e a n s  in  F 3  on in d i ­
v id u a l  p la n t  v a lu e s  in F 2 * A h ig h ly  s ig n if ic an t  v a lu e  of . 9 4  w as  o b ta in e d  
fo r  the c o r r e l a t i o n  c o e f f ic ie n t .  T h is  w as  a  v e ry  h igh  v a lu e  and  in d ic a te d  
a  v e r y  c lo s e  a g r e e m e n t  b e tw e e n  iod ine  v a lu e s  f o r  t h e F 2  p la n t s  and  m e a n s  
of F 3  l in e s  d e r iv e d  f r o m  th e m .  T h u s ,  p la n t s  w ith  low  iod ine  v a lu e s  p r o ­
d u c e d  l in e s  w hose  m e a n  v a lu e s  w e r e  a l s o  low; an d  U n e s  w ith  m o d e r a te ly  
h igh  o r  h ig h  iod ine  v a lu e s  w e re  d e r iv e d  f r o m  p la n ts  w h ich  th e m s e lv e s  
had  m o d e r a te ly  h ig h  o r  h igh  io d in e  v a lu e s .  T h is  c lo s e  a s s o c i a t io n  i s
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c le a r ly  brought out in F ig u re  2t
The h e r i t a b i l i t y  va lue  o b ta in e d  by  th e  c a lc u la t io n  of r e g r e s s i o n  of 
m e a n s  of F 3  l in e s  on p la n t  v a lu e s  w as .9 8  w hich w as  a ls o  s ig n if ic a n t .  
T h is  v a lu e  i s  e x c e p tio n a l ly  h igh  an d  c lo s e  to values of h e r i t a b i l i t y  o b ­
ta in e d  by o th e r  m e th o d s  and  in d ic a te d  th a t  s e le c t io n  on an  in d iv id u a l  
p la n t  b a s i s  in F 2  fo r  iod ine  v a lu e  would be h ig h ly  e f fe c t iv e .
Thus a l l  v a lu e s  o f  h e r i t a b i l i t y  w e re  e x tre m e ly  h igh  and in d ic a te d  
th a t  s e le c t io n  fo r  iodine value  on an  in d iv id u a l  p la n t  b a s i s  would be v e r y  
e f fe c t iv e .
D e sp i te  th e  h igh  h e r i t a b i l i t y  p o s s e s s e d  by iodine v a lu e , the  b e ­
h a v io u r  o f so m e  of the  F 3  l in e s  in d ic a te d  th a t  i t  is  im p o r ta n t  to s e le c t  
not o n ly  th o se  p la n ts  w hich  h ad  v e r y  low  iod ine  v a lu e s  but a ls o  so m e  of 
the  o th e r  p la n t s  w hich  h ad  m o d e r a te ly  low iod in e  v a lu e s .  Som e of th e s e  
p la n t s  w ith  m o d e r a te ly  low iod ine  v a lu e s  d id  in  fa c t  p ro d u c e  p la n t s  in  F^  
w hich  r e s e m b le d  T e x a s  P a tn a  in  hav ing  low  o r  v e ry  low  iod ine  v a lu e s .
F o r  e x a m p le ,  l in e s  16, 19, 23 and  27 had  som e p la n ts  in  F 3  w hich  r e ­
s e m b le d  T e x a s  P a tn a  in  th e i r  iod ine  v a lu e  and  y e t  th o se  l in e s  h a d  been  
d e r iv e d  f r o m  F ^  p la n t s  w hich  had  iod in e  v a lu e s  of 26%, 22%, 30% a n d  34% 
r e s p e c t iv e ly .  P r e s e n c e  o f  su ch  p la n t s  re sex rb l in g  T e x a s  P a tn a  in  som e 
o f  the  F 3  l in e s  w hich  h a d  b e e n  d e r iv e d  f r o m  F 2  p la n ts  w ith  m o d e r a te ly  
low  iod ine  v a lu e s  in d ic a te d  th a t  th e s e  p la n ts  a l s o  sho u ld  be s e le c te d  s in c e  
th ey  a r e  a l s o  c a p a b le  of p ro d u c in g  p la n t s  w ith low  o r  v e ry  low  iod ine  v a lu e s  







F i g u r e  2. S c a t te r  d i a g r a m  of 73 F 2  p la n ts  an d  m e a n s  of F j  l in e s  
d e r iv e d  f r o m  th e m  in r e s p e c t  to  iod ine  v a lu e .
46
th e  c h a n c e s  o f o b ta in in g  p la n t s  w ith  low  iod ine  v a lu e s  in  su b s e q u e n t  
g e n e r a t i o n s .  T h e  p r e s e n t  s tu d y  in d ic a te s  th a t  i t  w ou ld  be  a d v a n ta g e o u s  
to  s e l e c t  th o s e  p l a n t s  w h ich  h a d  iod in e  v a lu e s  up to  34% w ith  a  r e a s o n a b le  
c h a n c e  of o b ta in in g  s e g r e g a t e s  w ith  io d in e  v a lu e s  a s  low  a s  T e x a s  P a tn a .
In g e n e r a l ,  th e  m a in  o b je c t  of the  b r e e d e r  i s  to  c o m b in e  a s  m a n y  
o f th e  u s e fu l  c h a r a c t e r s  f r o m  d i f f e r e n t  v a r i e t i e s  in  a  s in g le  o r  a  few  
e s t a b l i s h e d  v a r i e t i e s .  S o m e  o f  t h e s e  c h a r a c t e r s  in  w h ich  the b r e e d e r  
i s  i n t e r e s t e d  m a y  be a s s o c i a t e d  w ith  o th e r  c h a r a c t e r s  an d  th i s  a s s o c i a ­
t io n  m a y  e i t h e r  f a c i l i t a t e  o r  p r o v e  d is a d v a n ta g e o u s  to  the  t r a n s f e r  of the  
u s e f u l  c h a r a c t e r s ,  d e p e n d in g  upon the  n a tu r e  o f  a s s o c i a t i o n .  A s  a  r e s u l t ,  
a  k n o w led g e  of th e  a s s o c i a t io n  o f  the p a r t i c u l a r  c h a r a c t e r  in  w h ich  the 
b r e e d e r  i s  i n t e r e s t e d  w ith  o th e r  c h a r a c t e r s  w ould  h e lp  th e  b r e e d e r  in  
d e te r m in in g  h i s  m a n n e r  of s e l e c t io n .
D e te r m in a t io n  of io d in e  v a lu e  w a s  done a t  the l a b o r a t o r y  a f t e r  
p l a n t s  h a d  b e e n  h a r v e s t e d  in d iv id u a l ly  in  th e  f ie ld .  H a r v e s t in g  o f  th e  
m a t e r i a l s  an d  the  s u b s e q u e n t  p r o c e d u r e s  fo l lo w ed  p r i o r  to  th e  ru n n in g  
o f  th e  io d in e  t e s t  in v o lv e  c o n s i d e r a b l e  w o rk  a n d  s t i l l  the  b r e e d e r  i s  no t 
c e r t a i n  th e  p e r c e n t a g e  of p l a n t s  th a t  w ould  p o s s e s s  the  d e s i r a b l e  
io d in e  v a lu e .  In s u c h  c a s e s ,  i f  th e  b r e e d e r  i s  a w a r e  of a n y  a s s o c i a t i o n  
b e tw e e n  io d in e  v a lu e  and a n y  c h a r a c t e r  fo r  w h ic h  s e le c t io n  c o u ld  be 
m a d e  in  th e  f i e ld ,  d e p e n d in g  upo n  th e  n a tu r e  o f th e  a s s o c i a t i o n ,  the  
b r e e d e r  c o u ld  w ith in  r e a s o n a b l e  l i m i t s  m a k e  i n d i r e c t  s e l e c t io n  fo r  the  
f i r s t  c h a r a c t e r  b y  s e l e c t in g  the  p l a n t s  fo r  the  se co n d  t r a i t .  T h is  sh o u ld  
e n a b le  h im  to  d i s c a r d  a t  l e a s t  so m e  o f th e  u n d e s i r a b l e  p l a n t s .  H o w e v e r ,
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th e  s u c c e s s  of su c h  s e le c t io n  w ould  e n t i r e ly  dep en d  upon the m a g n i tu d e  of 
the  a s s o c i a t io n .  Any c o r r e l a t i o n  c o e f f ic ien t  l e s s  th an  . 4  i r r e s p e c t i v e  o f 
s ig n i f ic a n c e  i s  not c o n s id e r e d  to be  of any  im p o r ta n c e  in a  b r e e d in g  p r o ­
g r a m m e .  S in ce  s e le c t io n  o f  p la n t s  fo r  iod ine  value  co u ld  no t be p r a c t i c e d  
in  the  f ie ld ,  u n d e r  c e r t a i n  c i r c u m s ta n c e s  a  know ledge  o f  r e la t io n s h ip  b e ­
tw e en  io d in e  v a lu e  an d  o th e r  c h a r a c t e r s  w ould  be  of im p o r ta n c e  to the  
b r e e d e r .
In th e  p o p u la t io n  the  c o r r e l a t i o n  c o e f f ic ie n ts  of iod ine  va lue  with 
d a te  o f  h e a d in g ,  a p ic u lu s  c o lo u r  and h u ll  c o lo u r  w e re  c a lc u la te d  to  d e t e r ­
m in e  the  d e g r e e  of a s s o c i a t io n .  C o r r e l a t i o n  c o e f f ic ie n ts  fo r  th e  a s s o c i a ­
t io n  b e tw e e n  io d ine  va lu e  and the  o th e r  t h r e e  c h a r a c t e r s  a r e  show n in  
T ab le  III. In the  F £  p o p u la t io n ,  to c a lc u la te  the c o r r e l a t i o n  c o e f f ic ien t  
fo r  the a s s o c ia t io n  b e tw een  iod ine  v a lu e  and  a p ic u lu s  c o lo u r  an  a r b i t r a r y  
v a lu e  of 2  w a s  g iven to the  p la n t s  w ith  c o lo u r l e s s  a p ic u lu s  a n d  th e  p la n t s  
w ith  c o lo u r e d  a p ic u lu s  w e re  g iven  an  a r b i t r a r y  v a lu e  o f  1. L ik e w ise  
p la n t s  w ith  go ld  h u ll  w e re  a s s ig n e d  a  va lue  o f 2  w h ile  a  v a lu e  o f  1 w as 
a s s ig n e d  to  p la n t s  w ith  s t r a w  h u ll .
Iodine va lu e  and date of head ing. A high ly  sign ifican t co rr e la tio n  
c o e ffic ien t o f  - .4 4  w as obtained betw een  iod ine value and date of head in g . 
The m agnitude o f  the a sso c ia t io n  in d icated  that th is  a sso c ia t io n  w as of 
m od era te  im p ortan ce in  a breed ing program m e. The n eg a tiv e  a sso c ia t io n  
in turn in d icated  that the a sso c ia t io n  w as betw een  low  iodine v a lu e  and 
la te  m atu r ity  or high iod in e  value with e a r ly  m aturity . T h is would be 
exp ected  s in c e  the e a r ly  m aturing  p aren t. T oro , had a h igh  iod in e  value
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T ab le  III
C o r r e l a t i o n  c o e f f ic ie n ts  fo r  iod ine  value  w ith o th e r  c h a r a c t e r s  
am ong  470 F 2  p l a n t s  of a  c r o s s  b e tw een  T o ro  an d  T e x a s  P a tn a
V a r ia b le s  C o r r e l a t e d r
Iod ine  V alue with d a te  o f  h ead in g - .4 4 * *
a p ic u lu s  c o lo u r + .4 1 * *
hu ll  c o lo u r 13**
L e v e l  o f  S ig n if ic an c e  r e q u i r e d  
fo r  400 d e g r e e s  of f r e e d o m  a t  .0 5  (5%) le v e l  .0 9 8
fo r  400 d e g r e e s  of f r e e d o m  a t  .0 1  (1%) le v e l  . 128
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and the  l a t e  m a tu r in g  p a r e n t ,  T e x a s  P a tn a ,  h a d  a  low iodine value. The 
a s s o c i a t io n  b e tw ee n  iod ine  v a lu e  and  d a te  of h e a d in g  am o n g  470 F 2  p la n t s  
i s  show n a s  a  s c a t t e r  d i a g r a m  in  F ig u r e  3.
A s  show n in F ig u r e  3, the  a s s o c i a t io n  w as  p e c u l i a r  in n a tu r e .
T h e r e  w as  a v e r y  s t ro n g  te n d e n c y  fo r  p la n t s  w ith  h igh  iodine v a lu e s  to be 
e a r l y  in  m a t u r i t y .  On the  o th e r  h a n d ,  no te n d e n c y  of an y  n a tu r e  w as ob­
s e rv e d  a m o n g  the  lo w  iod in e  p la n t s .  T h u s ,  of the  53 p la n ts  w hich had  
iod ine  v a lu e s  o f  56% and h i g h e r ,  a l l  excep t t h r e e  w e re  r e l a t i v e ly  e a r l y  
in  m a t u r i t y .  E v en  p la n ts  w ith  iod in e  v a lu e s  30% and abo ve  w e r e  e a r ly  
in  m a t u r i t y .  T h e r e f o r e ,  o f  a  to ta l  of 110 p la n ts  with iod ine  v a lu e s  30% 
an d  a b o v e ,  107 p la n t s  w e re  e a r l i e r  than  the la te  m a tu r in g  p a r e n t ,  T e x a s  
P a t n a .  On the o th e r  h a n d ,  360 p la n ts  w hich  had  iod ine  v a lu e s  of 29% 
and  below  show ed  a  w ide  d i s t r ib u t io n  in  r e g a r d  to d a te  of h e a d in g .  Some 
o f  th e s e  p la n t s  w e re  v e r y  e a r l y  an d  h e a d e d  on ly  9 9  d a y s  f r o m  the d a te  of 
sow ing w h e r e a s  som e  o t h e r s  h e a d e d  a f t e r  130 d a y s .  O th e r s  w e re  i n t e r ­
m e d ia t e .  T h us  p la n t s  w ith  low  an d  m o d e r a te ly  lo w  iod ine  v a lu e s  show ed 
a c o n tin u o u s  r a n g e  in  r e g a r d  to d a te  of h e ad in g  f r o m  e a r l y  to l a t e  w hile  
p la n ts  w ith  iod ine  v a lu e s  30% and  ab o v e  show ed  a  v e ry  s t ro n g  te n d e n c y  
to b e  e a r l y  in  m a t u r i t y .
A s i m i l a r  t r e n d  w as  a ls o  o b s e r v e d  a m o n g  the  73 F 3  l i n e s .  C o r r e ­
la t io n  c o e f f ic ie n t s  fo r  the  a s s o c i a t io n s  involv ing  iod ine  v a lu e  a n d  o th e r  
c h a r a c t e r s  a m o n g  F 3  l in e s  a r e  g iv en  in  T a b le  IV . F i g u r e  4 sh ow s the  
a s s o c i a t io n  b e tw ee n  m e a n  io d in e  v a lu e s  of th e  73 F 3  l in e s  a n d  t h e i r  r e ­
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F ig u r e  3. S c a t t e r  d i a g r a m  show ing  the  a s s o c i a t io n  b e tw e e n  io d in e  
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F ig u r e  3« S c a t te r  d i a g ra m  show ing the a s s o c i a t io n  b e tw ee n  iod ine  
v a lu e  a n d  d a te  of h e a d in g  a m o n g  470 F t  p l a n t s .
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T ab le  IV
C o r r e l a t i o n  c o e f f ic ie n ts  fo r iod ine  value  w ith  o th e r  c h a r a c t e r s  
am ong  73 F j  l in e s  of a  c r o s s  b e tw ee n  T o ro  and  T e x a s  P a tn a
V a r ia b le s  C o r r e l a t e d
Iod ine  V alue  w ith  d a te  of h e ad in g  - .5 9 * *
a p ic u lu s  c o lo u r  2 9 *
h u l l  c o lo u r  - . 0 2
L e v e l  o f  S ig n if ic an c e  r e q u i r e d  
fo r  70 d e g r e e s  o f  f r e e d o m  a t  . 0 5  (5%) leVel .2 3 2
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HTJH3EH OF DAYS TO HEAD
F ig u r e  4 .  S c a tte r  d ia g ra m  sh ow in g  the a s s o c ia t io n  b etw een  iod in e  
value and date o f  headina a man a 73 F , lines.
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A s in  the  F ^  a  n e g a t iv e  h ig h ly  s ig n if ic a n t  c o r r e l a t i o n  c o e f f ic ie n t  of . 59 
w a s  o b ta in e d .  T he m a g n i tu d e  of th i s  c o r r e l a t i o n  w as  h ig h e r  th an  the  
va lue  fo r  the c o r r e l a t i o n  c o e f f ic ie n t  fo r  th e s e  two c h a r a c t e r s  c a lc u la te d  
am o n g  the  470 F£  p la n t s .  In F ig u r e  4 a l l  of th e  61 F ^  l in e s  w hich  had  
m e a n  iod ine  v a lu e s  o f  30% a n d  ab ove  w e re  e a r l y  to m o d e r a te ly  e a r l y  in 
m a t u r i t y .  H o w e v e r ,  of the 12 l in e s  w ith  m e a n  iod ine  v a lu e s  l e s s  th an  30, 
so m e  l in e s  w e re  a s  e a r l y  o r  e a r l i e r  th a n  the e a r l y  m a tu r in g  p a r e n t ,
T o ro ,  w hile  o t h e r s  w e r e  a s  l a t e  o r  l a t e r  th an  the la te  m a tu r in g  p a r e n t ,  
T e x a s  P a tn a .  T hus in F ^  a l s o ,  l in e s  w ith  low o r  m o d e r a te ly  low  m ea n  
io d ine  v a lu e s  show ed a w ide r a n g e  in  r e g a r d  to m a t u r i t y  w h e r e a s  l in e s  
w ith iod ine  v a lu e s  30% an d  above  show ed  a  v e ry  s t ro n g  tendency  to be  
e a r l y  in  m a t u r i t y .
The e v id e n c e  f ro m  F 2  a n d  F ^  in d ic a te d  th a t  th e  a s s o c i a t io n  b e tw een  
io d ine  v a lu e  and  d a te  o f h e a d in g  w a s  of im p o r ta n c e  in  a  b re e d in g  p r o ­
g r a m m e .  T h a t  th i s  a s s o c i a t io n  w a s  g e n e t ic  w a s  in d ic a te d  by th e  g e n e t ic  
c o r r e l a t i o n  c a lc u la te d  fo r  the  two c h a r a c t e r s .  T h is  w as  c a lc u la te d  by th e  
fo r m u la  p r o p o s e d  by C o m s to c k  and  u s e d  b y  B u r to n  (1951)
G e n e tic  c o r r e l a t i o n  :  cv  ^ ^ 2  ~ CY X Y F 1
V (vX F 2  -v X F !)(v Y F 2  -v Y F j)
w here
c v  I co v a r ia n ce
v  1 v a r ia n ce
X = m ea su r em e n t of one va r ia b le
Y Z  m ea su rem en t o f the secon d  v a r ia b le
F i  -  f ir s t  gen eration
F 2  I  s e c o n d  g en e ra t io n
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A  va lue  o f - . 4 9  w as  o b ta in ed  w hich  s u g g e s te d  th a t  the  a s s o c i a t io n  be tw een  
iod ine  v a lu e  and  d a te  of h ead in g  w as g e n e t ic .
The g e n e t ic  a s s o c i a t io n  b e tw ee n  th e s e  t\*c c h a r a c t e r s  m ay be  s u g ­
g e s te d  to be due to l in k a g e .  But the d i s t r ib u t io n  o f  p la n ts  an d  F j  
l in e s  a s  shown in  F i g u r e s  3 and  4 fo r  iod in e  v a lu e  and  d a te  of h e ad in g  
d id  no t c o m p le te ly  s u p p o r t  the  p r e s e n c e  of l in k a g e .  D e sp i te  the fac t  
th a t  t h e r e  w e r e  2 9  e a r l y  m a tu r in g  p la n t s  w ith  low  iod ine  v a lu e s  in  F^« 
t h e r e  w e re  on ly  3 p la n t s  w hich  w e re  la te  in  m a tu r i t y  an d  h a d  h igh  iodine 
v a lu e s .  H ad  the  a s s o c i a t io n  been  due  to l in k a g e , t h e r e  shou ld  h a v e  b e e n  
m o r e  la te  m a tu r in g  p la n t s  w ith  h igh  iod ine  v a lu e s .  F u r t h e r ,  th e  u n e v en  
d i s t r ib u t io n  of F ^  p la n ts  in d ic a te d  th a t  the a s s o c i a t io n  w as not due to 
l in k a g e .
In the  ab sence  of a  c l e a r  e v id e n c e  fo r  l in k a g e ,  i t  i s  s u g g e s te d  th a t  
the  d e g r e e  of a s s o c i a t io n  in d ic a te d  by  c o r r e l a t i o n  s tu d ie s  w a s  due  to a  
s t r o n g  te n d e n c y  e x h ib i te d  by  th e  p la n t s  w ith  m o d e r a te ly  h igh  and  h ig h  
io d ine  v a lu e s  to be  e a r l y  in  m a t u r i t y .  T h is  te n d e n c y  on  th e  p a r t  of 
su ch  p la n t s  to b e  e a r l y  in m a t u r i t y  i s  in d ic a te d  by the  g e n e r a l  d i s t r i b u ­
t io n  o f  p la n ts  an d  l in e s  in  F 2  *ad  F 3  g e n e ra t io n s  r e s p e c t iv e ly .  A s s ta te d  
e a r l i e r ,  in  th e  F 2  g e n e ra t io n  o f th e  1 1 0  p la n ts  w h ich  h a d  io d ine  v a lu e s  
30% a n d  a b o v e ,  w ith  th e  e x c e p tio n  of 3 p l a n t s ,  a l l  w e re  e a r l i e r  in m a t u r i t y  
th a n  T e x a s  P a tn a .  The T e x a s  P a tn a  p a r e n t  h e a d e d  a f t e r  113 days . L ik e ­
w ise  in  F 3 « 61 l in e s  w hich  h a d  m e a n  io d in e  v a lu e s  o f  30% and  ab o v e  w e r e  
e a r l i e r  in  m a t u r i t y  th a n  T e x a s  P a tn a  w h ich  h e a d e d  a f t e r  135 d a y s .  T hus 
th e s e  p la n t s  o r  l in e s  sho w ed  a  s t r o n g  tendency  to b e  e a r l i e r  in  m a tu r i ty .
55
In c o n t r a s t  to th e s e  p la n t s  o r  l i n e s ( bo th  in  and  in  g en era tions*  
p la n t s  o r  l in e s  w ith  iod ine  v a lu e s  l e s s  than  30% show ed  a co n tin uou s  
r a n g e  in r e g a r d  to d a te  of h e a d in g .  T h e i r  ac tua l  d i s t r ib u t io n  show ed 
no in d ic a t io n  of an y  a s s o c ia t io n  b e tw e e n  io d ine  v a lu e  and d a te  o f  h e a d in g .  
£n fact* the p la n ts  w ith in  any  p a r t i c u l a r  iod ine  va lue  c l a s s  had  a  c o n ­
t in u o u s  r a n g e  in  r e g a r d  to m a t u r i t y .
T h u s ,  in the p r e s e n t  study* the  e v id e n ce  f ro m  th e  F 2  &nd F 3  
g e n e r a t io n s  in d ic a te d  th a t  the  c o r r e l a t i o n  b e tw ee n  iod ine  v a lu e  and  d a te  
of head ing  w as  due m a in ly  to a s t r o n g  te n d e n c y  e x h ib i ted  by  p la n ts  
p o s s e s s in g  m o d e r a te ly  high and  h igh  iod ine  v a lu e s  to be e a r l y  in  m a t u r ­
i ty  and not due to  any  a s s o c i a t io n  b e tw ee n  low  io d in e  value  and  d a te  of 
h e a d in g .  In th is  r e s p e c t  the a s s o c i a t io n  be tw een  iod ine  va lue  and  d a te  
of head ing  w a s  u n u su a l  and  the c a u s e  fo r  th i s  u n u su a l  r e l a t io n s h ip  w as 
no t a p p a r e n t  in  the  p r e s e n t  s tu d y .  It i s  l ik e ly  th a t  e n v iro n m e n t  m a y  
h av e  a  c e r t a i n  d e g r e e  o f  in f lu e n c e  on the  e x p r e s s io n  of iod ine  v a lu e .
It i s  o b v io u s  f r o m  the abo ve  d a ta  th a t  l a t e  m a t u r i t y  w as  not n e c e s ­
s a r y  fo r  low  io d in e  v a lu e .  It i s  a l s o  a p p a r e n t  th a t  e a r l y  m a t u r i t y  w as  
not n e c e s s a r y  fo r  h ig h  io d in e  v a lu e .
F r o m  the b re e d in g  po in t o f  v iew  the d a ta  su g g e s t  th a t  d e s p i te  a  
n e g a t iv e  c o r r e la t io n *  i t  sh o u ld  be  p o s s ib le  to o b ta in  l in e s  w ith  low  
iod ine  v a lu e s  b e lo ng in g  to d i f f e re n t  m a t u r i t y  p e r i o d s .  In fact* the  
d a ta  in d ic a te d  th e  p o s s ib i l i ty  o f  o b ta in in g  l in e s  w ith  low  iod ine  v a lu e s  
in  a n y  m a t u r i t y  g ro u p .
The t e s t  fo r  iod ine  v a lu e  i s  a  r e c e n t  a d d it io n .  P r i o r  to  th i s  th e
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b r e e d e r  had  b een  se le c t in g  p la n ts  on the  b a s i s  of m a t u r i t y  and  m il l in g .  
W hile  se le c t in g  for e a r l y  m a t u r i t y  p ro b a b ly  th ey  w e re  a ls o  s e le c t in g  
in d iv id u a ls  w ith m o d e r a te ly  h igh  an d  h igh  iod ine  v a lu e s .  But fo r  som e 
r e a s o n ,  th e i r  s e le c t io n  fo r  l a t e  m a tu r in g  p la n ts  h a d  in  a lm o s t  a l l  c a s e s  
ended  w ith  ty p e s  w ith  low iod ine  v a lu e s .  T h is  h a d  r e s u l t e d  in the  r e ­
l e a s e  o f  la te  m aturing  ty p e s  with low io d in e  v a lu e s  and  e a r l y  m a tu r in g  
ty p e s  w ith  h igh  iod ine  v a lu e s  w ithou t o b ta in in g  a n y  e a r l y  ty p e s  w ith low 
io d ine  v a lu e .
T h is  i s  b o rn e  out by the  fa c t  th a t  the p r e s e n t  c o m m e r c i a l  v a r i e t i e s  
in the  U n ited  S ta te s  o f A m e r i c a  w hich  h a v e  low  io d in e  v a lu e s  a r e  l a te  in  
m a t u r i t y  w hile  the  e a r l y  m a tu r in g  v a r i e t i e s  h av e  c o m p a r a t iv e ly  h igh  
iod ine  v a lu e s .
It w ould thus  a p p e a r  th a t  in  h i s  s e le c t io n  o f p la n t s  b a s e d  on m a t u r i t y  
an d  m il l in g ^  the  b r e e d e r  h a d  b e e n  in  c e r t a i n  i n s t a n c e s  d is c a rd in g  th o s e  
v e ry  l in e s  in w hich  he  i s  p r i m a r i l y  i n t e r e s t e d .
The p r e s e n t  s tu d y , t h e r e f o r e ,  in d ic a te s  th a t  in any  f u tu re  b r e e d in g  
p r o g r a m m e  in te n d ed  to evo lv e  v a r i e t i e s  w ith  good cook ing  q u a l i t ie s  and  
o th e r  d e s i r a b l e  c h a r a c t e r s  i t  i s  e s s e n t i a l  to p r a c t i s e  s e le c t io n  fo r  iod ine  
v a lu e  b e fo r e  an y  a t t e m p t  i s  m a d e  to s e l e c t  p la n ts  f o r  m a t u r i t y .
Though e v id e n c e  in  th e  p r e s e n t  s tu d y  fa i le d  to  in d ic a te  a  c l e a r  
l in k a g e  b e tw een  genes fo r  iod ine  v a lu e  an d  d a te  of h e a d in g ,  r e p o r t s  of 
l in k a g e  b e tw een  a  gene  f o r  w axy  e n d o s p e r m  an d  a  gene  f o r  m a t u r i t y  a r e  
a v a i la b le .  Jodo n  (1940) o b s e r v e d  l in k a g e  b e tw e e n  th e s e  tw o g e n e s  w ith  
a  r e c o m b in a t io n  p e rc e n ta g e  o f  41 . R a m iah  an d  R ao  (1953) h a d  r e p o r t e d
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re c o m b in a t io n  v a lu e s  in  d if fe re n t  c a s e s  a s  v a ry in g  f ro m  8 . 8  p e r  cen t 
to 24 p e r  c e n t .  H o w e v e r ,  the c la s s i f i c a t io n  of e n d o s p e rm  w as  b ro a d  
and  in c lu d ed  on ly  two c l a s s e s ,  i . e .  s t a r c h y  and g lu tin o u s .  F u r t h e r ,  in 
g ro u p in g  p la n t s  fo r  m a t u r i t y ,  the p la n ts  w e r e  g ro u p ed  into two c l a s s e s ,  
i . e .  e a r l y  and l a t e .
Iodine v a lu e  and a p ic u lu s  c o lo u r .  A h ig h ly  s ig n if ic an t  c o r r e l a t i o n  
c o e f f ic ie n t  o f  -**.41 w a s  o b ta in e d  in  be tw een  iod ine  v a lu e  and  a p ic u lu s  
c o lo u r ,  w hich  in d ic a te d  that the a s s o c ia t io n  w a s  of m o d e r a te  s t r e n g th .
A p o s i t iv e  c o r r e l a t i o n  show ed th a t  the a s s o c i a t io n  w a s  b e tw een  low  
io d ine  v a lu e  and  c o lo u re d  a p ic u lu s  and  th is  would be e x p e c te d  s in c e  the 
low  io d in e  p a r e n t ,  T e x a s  P a tn a ,  h a s  c o lo u r e d  a p ic u lu s  w hile  the high  
iod in e  p a r c . i t ,  T o r o ,  h a s  c o lo u r l e s s  a p ic u lu s .  In the F 3 , h o w e v e r ,  the  
c o r r e l a t i o n  (a- .2 9 ) ,  though  s ig n if ic a n t  a t  the  5 p e r  cen t  l e v e l ,  w as  too 
low  to be c o n s id e r e d  o f any  im p o r ta n c e .  It i s  l ik e ly  th a t  th e  c o r r e l a t i o n  
of m o d e r a te  im p o r ta n c e  o b ta in e d  in F;j m igh t h av e  b e en  due to  th e  i n ­
f lu en c e  o f o th e r  c h a r a c t e r s  on one o r  bo th  t r a i t s .
L in k a g e  be tw een  e n d o s p e r m  an d  a p ic u lu s  c o lo u r  h a s  been  r e ­
p o r t e d .  C hao  (1928) in  h i s  s tu d ie s  r e p o r t e d  a  re c o m b in a t io n  p e rc e n ta g e  
of 2 2 .4 .  Jo d o n  (1940) n o te d  l in k a g e  b e tw ee n  a  g ene  for s t a r c h  e n d o ­
s p e r m  and  a  gene  fo r  a p ic u lu s  c o lo u r  w ith  a  r e c o m b in a t io n  p e r c e n ta g e  
of 2 2 .5 .  In s u b s e q u e n t  s tu d ie s  Jo d o n  a n d  C h ilto n  (1946) r e p o r t e d  r e ­
c o m b in a t io n  p e r c e n t a g e s  o f  16 and  17. N agao (1951) n o te d  th a t  one  of 
the  c o m p le m e n ta r y  genes fo r  a p ic u lu s  c o lo u r ,  C , w a s  l in k e d  w ith  £ l .
H e r e p o r t e d  a  r e c o m b in a t io n  v a lu e  of 23 p e r  c e n t .  R a m ia h  a n d  R ao  (1953)
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r e p o r t e d  a  r e c o m b in a t io n  v a lu e  o f 2 9  p e r  c e n t .
Iod ine  va lue  an d  h u l l  c o lo u r .  A  h ig h ly  s ig n if ic a n t  c o r r e l a t i o n  c o ­
e ff ic ie n t  o f  - . 1 3  w as  o b ta in e d  b e tw ee n  iod ine  v a lu e  and h u ll  c o lo u r .  
Thopgh s ig n i f ic a n t ,  th e  v a lue  w as  too s m a l l  in  m a g n i tu d e  to be  c o n ­
s id e r e d  of a n y  im p o r ta n c e .  T h is  n e g a t iv e  a s s o c i a t io n  i s  p o s s ib le  s in c e  
the low  io d in e  p a r e n t ,  T e x a s  P a t n a ,  h a s  gold h u l l  and  the  h igh  iodine 
p a r e n t ,  T o r o ,  h a s  s t r a w  h u l l .  The c o r r e l a t i o n  co e ff ic ien t  in  F 3  ( .0 2 )  
w as  e x t r e m e ly  low  and  w as  in s ig n i f ic a n t .  T h u s ,  both  the  F£  an d  F 3  d a ta  
in d ic a te d  a b s e n c e  of an y  im p o r ta n t  a s s o c ia t io n  be tw een  iod ine  v a lu e  and  
h u l l  c o lo u r .  T h e s e  r e s u l t s  a r e  in a g r e e m e n t  w ith  th o se  of Jo don  and 
C h i l to r  (1946). T h ey  o b s e r v e d  in d ep e n d en t  a s s o r t m e n t  o f g e n e s  g o v e rn ­
ing  e n d o s p e r m  c h a r a c t e r  and h u l l  c o lo u r .
SUMMARY
A  study  of the  in h e r i t a n c e  of iod ine  va lue  in  r i c e  and  i t s  a s s o c i a ­
t io n  w ith  t h r e e  o th e r  c h a r a c t e r s  n a m e ly ,  d a te  of h e a d in g ,  a p ic u lu s  
c o lo u r  and h u ll  c o lo u r  w as  m ade w ith the  p a r e n t s ,  F j ,  and  F j  
g e n e r a t io n s  o f a  c r o s s  be tw een  T o ro  an d  T e x a s  P a tn a*  The io d ine  
v a lu e  i s  a  r e l a t i v e  e s t im a te  of the  a m y lo s e  c o n te n t  in th e  e n d o s p e rm  
o f  r i c e  k e r n e l s .  The h ig h e r  the a m y lo s e  co n ten t  of the g r a in  the b e t t e r  
i s  i t s  cooking  q u a l i ty .  T e x a s  P a tn a  h a s  a  low  iod ine  v a lu e ,  r e s u l t i n g  
f r o m  a  h igh  a m y lo s e  c o n te n t ,  w hile  T o ro  p o s s e s s e s  a  h igh  iod in e  v a lu e ,  
in d ic a t in g  low  a m y lo s e  c o n te n t .
Iodine  value  d e te r m in a t io n s  f o r  the  in d iv id u a l  p lan ts  be long ing  to 
th e  p a r e n t s  and F £  g e n e r a t io n  w e re  m a d e  in  1957 an d  in  1958 iod ine  
v a lu e  d e te r m in a t io n s  w e r e  m ade fo r  th e  in d iv id u a l  p la n t s  b e lo n g in g  to 
th e  p a r e n t s ,  F |  a n d  F 3  g e n e ra t io n s*  T he m e a n  io d in e  v a lu e s  o f  the  
T e x a s  P a tn a  and  T o ro  p a r e n t s  w e r e  15*6 and  56*3 , r e s p e c t iv e ly .  A lo w  
m e a n  o f  2 2 . 8  o b ta in e d  fo r  the  F j  in d ic a te d  p a r t i a l  d o m in a n c e  fo r  low  
iod ine  v a lu e ,  o r  h igh  a m y lo s e  c o n te n t .  A  r a n g e  of a p p r o x im a te ly  10 
u n i ts  o c c u r r e d  in  e a c h  p a r e n t  and  the  F j  p o p u la t io n ,  p r e s u m a b ly  d u e  to 
e n v i r o n m e n ta l  v a r ia t io n *
The m e a n  v a lu e  of th e  F 2  p o p u la t io n  w a s  2 8 .5 ,  w h ich  a l s o  i n d i ­
c a te d  th a t  lo w  iod in e  v a lu e  w a s  p a r t i a l l y  d o m in a n t .  A lthough  c o n tin u o u s ,  
th e  f r e q u e n c y  d i s t r ib u t io n  c u rv e  in  F j  w a s  b im o d a l  w ith  a  l a r g e  g ro u p  of
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low  iodine p la n ts  and a r e l a t i v e ly  s m a l l  g ro u p  of h igh  iodine p la n t s .
The bimod&l n a tu r e  of the c u rv e  in and the a p p ro x im a te ly  3:1 r a t io  
b e tw een  p la n t s  l ik e  T e x a s  P a tn a  an d  F j  c o m p a r e d  to p la n t s  th a t  r e ­
s e m b le d  T o ro  in  iod ine  va lue  in d ic a te d  th a t  the  p a re n ts  d i f f e r e d  by one 
m a jo r  p a i r  o f  g e n e s .  O c c u r r e n c e  of p la n t s  in  in te r m e d ia t e  r a n g e  b e ­
tw e en  th e  F |  a n d  the h igh  iod ine  p a r e n t ,  T o ro ,  in d ic a te d  a ls o  the  
p r e a v n c e  of m in o r  g e n e s .  T hopgh th e r e  w as no e v id e n ce  in  F 2  fo r  the  
o c c u r r e n c e  o f  t r a n s g r e s s i v e  s e g r e g a t io n  for low  iod ine  v a lu e ,  s e v e r a l  
p la n t s  w e re  c o n s id e r a b ly  h ig h e r  than  any  p la n t  of the T o ro  p a re n t  and  
so m e  of the  s e g r e g a t e s  h ad  e x tre m e ly  high iodine v a lu e s .
T he  g e n e r a l  b eh av io u r  o f  the F 3  l in e s  su p p o r te d  the  c o n c lu s io n  
a r r i v e d  a t  f r o m  the  F 2  d a ta  th a t  the  two p a r e n t s  d i f f e r e d  by one p a i r  of 
m a j o r  genes a n d  s e v e r a l  m o d i f i e r s .  The F 3  l in e s  co u ld  be d iv id e d  in to  
t h r e e  g e n e ra l  g r o u p s ,  th o s e  h o m o zy g o u s  f o r  low  io d in e  v a lu e ,  th o se  
s e g r e g a t in g  l ik e  the  F 2  *nd th o s e  h o m o zy g o u s  fo r  h igh  io d in e .  Som e 
r a n g e  am o n g  m e a n s  of l in e s  w ith in  g ro u p s  a p p e a r e d  to be  due to  the  
e f f e c ts  of m o d i f i e r s .  No t r a n s g r e s s i o n  fo r  low iod ine  va lue  o c c u r r e d  
in d ica t in g  th a t  the h igh  io d in e  p a r e n t ,  T o r o ,  p ro b a b ly  h a d  no m in o r  g e n es  
in f lu e n c in g  low  iod ine  v a lu e .
The o c c u r r e n c e  of on ly  two l in e s  in  F 3  out o f 73 l in e s  te s te d  for  
iod ine value that app eared  id en tica l to the low  iodine p a ren t, T exas  
P atn a , in d icated  that m inor g e n e s  have co n sid era b le  in flu en ce on the 
e x p r e ss io n  o f iod in e  value* T h is a lso  ind icated  that for any lin e  to 
p o s s e s s  iodine va lu e  a s  low  a s  T exas Patna it should have not on ly  the
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m a j o r  gene fo r  low  iod ine  v a lu e  but a lso  a l l  of the  m in o r  g e n e s .
A  few  F 3  l in e s  w e re  h o m o zy g o u s  fo r  e x t r e m e ly  high  iodine v a lu e s .  
The o c c u r r e n c e  of th e s e  e x tre m e ly  h igh  iod in e  p la n ts  in F 2  o r  l in e s  in F ^  
g e n e ra t io n  in d ic a te d  th a t  th e s e  a r e  due to som e fo rm  o f  g ene  i n te r a c t io n .  
T h e se  p la n ts  p ro b a b ly  had  h igh  g e la t in iz a t io n  t e m p e r a tu r e .
A  h igh  h e r i t a b i l i t y  v a lu e  of above  90% w as o b ta in e d  f ro m  th e  r e ­
g r e s s i o n  of F 3  m e a n s  on F£  p la n t  v a lu e s .  T h is  h igh  v a lu e  for h e r i t -
1
a b i l i ty  in d ic a te d  th a t  s e l e c t io n  for io d ine  va lue  on an  in d iv id u a l  p la n t  
b a s i s  shou ld  be v e ry  e f fe c t iv e .
In F 2  a  s ig n if ic a n t  c o r r e l a t i o n  c o e f f ic ie n t  of - . 4 4  w as  o b ta in e d  b e ­
tw een  iod ine  v a lu e  and  d a te  of h ead ing  in d ic a t in g  the  m o d e r a te  i m ­
p o r ta n c e  of th is  a s s o c i a t io n .  In F 3  th e  c o r r e l a t i o n  c o e f f ic ie n t  w as  - . 5 9  
w h ich  w as  a l s o  s ig n i f ic a n t .  T he  d i s t r ib u t io n  of p la n ts  fo r  io d in e  v a lu e  
and  d a te  o f h e a d in g  in  F 2  and in  F 3  g e n e ra t io n s  in d ic a te d  th a t  th is  
a s s o c i a t io n  w as  m a in ly  due  to a  s t r o n g  tendency  e x h ib i te d  by  p lan ts  
o r  U n es  w ith  m o d e r a te l y  h igh  o r  h igh  iod ine  v a lu e s  to be  e a r l y  in 
m a t u r i t y .  On the  o th e r  h a n d , p l a n t s  o r  l in e s  w ith  low o r  m o d e r a te ly  
low  io d in e  v a lu e s  v a r i e d  w id e ly  in m a tu r i ty  w ith  no a s s o c i a t io n .  T h is  
u n u su a l  r e l a t i o n s h ip  in d ic a te d  th a t  i t  shou ld  be p o s s ib le  to o b ta in  l in e s  
w ith  lo w  io d in e  v a lu e s  b e lo n g in g  to d i f f e r e n t  m a t u r i t y  g ro u p s  d e s p i te  
a  n e g a t iv e  c o r r e l a t i o n .  G en e t ic  c o r r e l a t i o n  b e tw e e n  iod ine  v a lu e  and 
d a te  o f  h e ad in g  w a s  - . 4 9 .
A  low  p o s i t iv e  c o r r e l a t i o n  w as  found b e tw e e n  iodine v a lu e  and  
a p ic u lu s  c o lo u r ,  p r o b a b ly  due to l in k a g e  of g e n es  f o r  bo th  t r a i t s .
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A sig n if ican t  bu t low c o r r e l a t i o n  c o e ff ic ien t  o f - . 1 3  in F 2  an d  an 
in s ig n if ic a n t  v a lu e  o f  - . 0 2  in F ^  in d ic a te d  th a t  t h e r e  w as p r a c t i c a l l y  no 
a s s o c i a t io n  b e tw e e n  iod ine  v a lu e  and h u ll  c o lo u r .
In g e n e r a l ,  the  b e h a v io u r  of the  F 3  l in e s  s e g re g a t in g  for low and 
h igh  iod ine  v a lu e s  an d  the  u n u su a l  r e la t io n s h ip  b e tw e e n  iod ine  value 
an d  d a te  o f head ing  s u g g e s te d  th a t  it w ould  be adv an tageous to advance 
p la n t s  o r  l in e s  w ith e v e n  m o d e r a te ly  low iod ine  v a lu e s  fo r  f u r th e r  t e s t ­
ing . A lso  e v id e n t  w as  the fa c t  th a t  in o r d e r  to o b ta in  l in e s  w ith  h igh  
a m y lo s e  c o n te n t  and  h e n c e  w ith a  good cook ing  q u a l i ty  it i s  n e c e s s a r y  
to p r a c t i s e  s e le c t io n  on the  b a s i s  of io d in e  t e s t  p r i o r  to m a k in g  f in a l  
s e le c t io n  fo r  any  o th e r  a t t r ib u t e .
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